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IVTRODUCTION &2’ i-v '\ 0, ., sbaid

The operation of the thrée Pils or 100 Areas requires the utilization
of an appreciable amount of the water in the upper Columbia River which, .
under extreme conditions, may approach one per cent of the river flow. Such
extreme conditions can exist during the winter months when the river is st a
low stege if &}l three areas are operating at capacity. Much of the water
which is utilized by the plants is altered both chemicelly and physically
before being returned to the river and if present in sufficient volume might
be expected to exert an effect on the fish and other life of the river,

What these effects might be could not be predicted with certainty and con-
giderable concern was felt for the valusble runs of salmon and other fish
frequenting and spawning in the upper Columbiz River.

In order to determine whether or not the more important species of
fish might be harmed by the presence of the effluent water from the Pile
Areas a laboratory was set up in the 100-F Area, This laboratory was £o con-
structed that conditions which existed in the river could be duplicated ag
nearly as possible and that the effects of various concentrations of the area
effivent water upon eggs and young fish could bhe studied. In the following
pages a detalled descripbtion is given of the laboratory conditions and of the
first series of experiments which were undertaken,

SUMMARY

Three separate experimental studies are covered in this report, namely
a pilot study on chinook salmon fingerlings, an extensive study on steel-
head trout fingerlings and a comprehensive study on chinook salmon eggs, fry
and rirgerlings. The test animals were held in wooden troughs similar to
those used in most fish hatcheries and were subjected to various mixtures of
the area effluent water and Columbia River water. The water mixtures or
conditions in which the fish were hald during the pilot experiment and the
first part of the gteelhead trout experiment were as followss

Straight area effluent water partially cooled.

Straight erea effluent water refrigerated.

One part refrigerated effluent water to 500 parts of river water.

One part sffluent to 50 parts of river water, [
One part effluent to 100 perts. of river water,

One part effluent to 250 parts of river water. %
One part effluent to 500 parts of river water. !
Cne pert effluent to 1000 parts of river water.
Straight river water.

¢ During the latter part of the steelhead trout experiment and during the
gecond chinock salmon experiment, dilutions of one part effluent to three
parts river water and one part effluent to ten parts river water were sub-
gbituted for the 13500 dilution using refrigerated effluent and 1:100 dilu-
tion. The experimental conditions were run in duplicate except for the river
water control which was run in qusdruplicate.

Anticipated difficulties in the contrel of experimental conditions and
fish diseoages materialized but were largely eliminnted during the pilot test
and the early pert of the trout studies, Inasmuch as these early studies
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were included chicfly as a test of equipment and conéﬁtions, their purpose
was accomplished and in addition some evidence of the effect of the various

concentrations of effluent water on the fingerling size salmonoids was
Obt &ined LY

The pilot study demonstrated that undiluted area offluent water,
whether only partially cooled or rofrigerated to within the normal tempera-
ture range of selmon, was not suitable for the survival of chinook salmon
fingerlings end was occasionally quickly lethal., Any possible effects which
dilutions of the effluent water might have had were obscurcd by disease and
mechanical difficulties,

The steelhead trout experiment showed much the same result., Extremcly
heevy mortalities occurred in the undiluted effluent water and, on occasion,
in a dilution of one pert effluent to three parts river water. The presence
of some factor to which the trout were very sensitive, (probably "Calolv},
killed many of the fish in the undiluted effluent water on August 31, 1945
and many more in the undiluted effluent end 133 dilution on October 11 and
16, 1945. The growth of the trout in both refrigerated and unrefrigerated
effluent water was markedly rotarded and growth in the 1:3 dilution was
slowed for a short period following the adversge condition of Cotober 11 and
16, Therc was no other evidence of increased mortality or retarded growth
among the trout held in dilutions of the ares effluent water. The growth of
the trout was actually faster in the 1:3, 1:10, 1450, 11250 and possibly the
131500 dilutions than in stroight river water., This increased growth rate
wag probably the result of slightly higher water temperatures in the higher
concentrations of the arca effluent water.,

The second chinook salmon experiment furnished z more sensitive test.
Hewly fertilized eggs were particularly susceptible to the presence of area
effluent water and its accompanying higher temperatures and those held in
the unrefrigerated effluent water and in the 1:3 dilution failed to develop.
A large proportion of the eggs held in the 1:10 dilution did not hatch and
egg mortalities significantly higher than thoso in the control lots could be
demonstrated statistically in dilutions as high as one part effluent to five
hundred parts of river wator.

Growth and development during the fry and fingerling stages were greatly
retarded in undiluted area e¢ffluent water and in the 1:3 dilution and further
practically all of the fish held in these water conditions died. 1In the 1410
dilution the rote of mortality emong the fry and fingerling salmon was greatly
increased, more deformed fish were present, and many of the surviving fish
were emaciated, subnormal in size and susceptible to disease. However, some
individualg were able to tolerate this concentration and made rapid growth,
In dilubtions of 1450 or more the area effluent water 4id not appear to ad=-
versely effect either the growth or the mortaliby of the fry or fingerling
chinook salmon,

FXPERTMENTAL DESIGH

Gonersel Program

A conference was held on the campus of the University of Czlifornia,
Berkely, California on June 9, 1945 at which the basic plan for studies to be
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conducted at the Fish Laboratory was discussed and formulated.(l) JAttending
this meebing were Col. S. L. Warren, Lt., Gol., H. L. Friedsll, Mzaj. 4. A,
White .and Dr, Howland of the Medical Corps., Manhatten District, and Dr. L.
R. -Doneldgon of the University of Washington.

It was the opinion of this group that the best woy to deternine the
effect of the effluent water was to set up a series of dilutions in which
fish could be reared. The prograem of fish studies was to be synchronized as
nearly as possible with the expected sequence of events as they would effect
the natural runs of fish in the river,

Cne series of experimeonts wag to inelude the rearing of chinook salmon
fingerlings, egge, fry and advanced fry under the various water conditions
available at the laboratory. Studies were to be made on mortality, growth
in weight, growth in length and such other eriteria on the physiological
condition and vitality of the fish as would seem useful in evaluating the
the effect of the effluent water,

A second series of experiments would use select steelhsad-rainbow stock
as test animals so that in addition to the data gathered on the salnon a
series of spawning studies could be worked out to test the effect of the

. effivent on the reproductive capacity of the fish,

Laboratory Conditions

The laboratory facilitles could accomodote twenty lots of fish. Howe
ever, each dilution or water condition was to be run in duplicate, with the
exception of the “eontroli" lots in straight river water where it was thought
best to run quadruplicates and thus nine conditions could be studied at one
time. The dilutions to bo uscd in the laboratory were arranged so that cone-
ditions both above and below thoge expeeted to exist in the river could he
evaluated. After complete mixing in the Columbia a maximum effluent to
river water ratio of 1:100 nmight be possible during the low river stage in
November, December and January. An average ratio of 1:500 was expected.
Since the salmon and trout normally would react unfavorably to the warm
tempersture of the offluent water, regardless of other physical and chemical
characteristics, oxperimentel conditions were to be ineluded which would
utilize cooled effluent water.

The proposcd combingtion of dilubtions was as followss

Iobts 1 & 2 4 o o« o &« o » » 100% effluent woter.
Tobg 3 &4 o o o v o « o o 100% effluent woter, refrigerated.
I0ts 5 & 6 4 ¢ o ¢ s v o o 1 part refrigerated effluent water +o

500 perts river water.
Lots 7& 8 ¢+ o 4 4 o o « » 1 part effluent Yo 50 parts river water.
Lots 9 & 10 ee o« o s« » o » 1 part offluent to 100 parts river water,
Lota 11 & 12 & & & « o +» « 1 part effluent to 250 parts river water.
Tots 13 & 14 o ¢« o v & « « 1 part effluent to 500 parts river water.
lots 15 & 16 4 o o« o » ¢ « 1 part efflvent to 1000 parts river water.

Lots 17, 18, 19 & 20 100% river water,

(1) "program of Fisheries Experiment for the Hanford Field Laboratory"
Transmitted to W. O. Simon by Major A. A, White, 9 July, 1945.
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Schedule »

A pilot experiment of about six week's duration was to run from July 10
to Auvgust 20, 1945. This trial experiment was to serve as a tesbing period
thus affording an opportunity for correcting mechenical defects and gaining
& background of information to be used in determining the dilution levels to
be used in subsequent experiments,

Following the pilot experiment e period of readjustment was to exbend
into September., During this period equipment was to be repaired, dilutions
regrouped, and adjustments made to prepare the laboratory for the subsequent
experiments,

The adult chinock salmon that migrate up the Columbia River during the
spring and summier months reach maturity and gpawn in September and October.
The studies at the Fish Laboratory were to be arranged to follow, as nearly
as possible, the expected stages of development of the proggny of such adults.
As soon ag the temperature of the Columbia hed fallen to 13°% 149G, that is
when the water was cool enough to permit a normael development of eggs, ferti-
lized chinocok salmon eggs werc to be brought to the lasboratory and ineubated
under the various water conditions specified. Appropriate studies were to
be made on the developing cggs and on the young fish or fry which hatched
from the eggs. Following the egg and yolk sac fry experiments, the problem
was to be continued uging the young salmon which reached the feeding stage.
A redigtribution of the test animals using either a fresh stock or by divide
ing the M"excess" control fish might prove opportune at this time.

The surviving stcelhead trout used in the preliminary experinent during
the surmer weare to be held in the various concentrations of area effluent
water until late in December, 1945 or until such time as their size nmade 1%
impracticsl to hold them in the laboratory troughs. They would then be
returned to the holding pornds at the University where they could be reared
‘o matwrity.

EQUIPMENT :RRANGEMENT (1)

General

The Fish Laboratory is housed in a Pacific Hub providing opproximately
1,280 gquoare feet of floor space, Twenty hatchery troughs, each approxi-
nately twelve feet long by twelve inches wide by nine inches deep, are pro-
vided, These troughs are aorranged in pairs, with a common wall between each
pair. Each trough is provided with water supply, screens, baffles and drains
as required to conduct the experirents.

The laboratory is also provided with food storage bins, a deep-freeze
unit, a household refrigeration unit and an elsctric meat chopper for the

(1) The arrvangement described here is, in many cases, somewhat different -
thon that originslly provided since changes were found necessary in
order to maintain satisfactory opersting conditions. The reader is
referred to an earlier document, WFish Leboratory Experience %o
December 25, 1945" for a description of the original arrangement and
nodifications that were found necegsary.
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N .storsge and preparation of fish food, Technical equipment includes microw-
scopes, balance-type scales, an adding mechine, a caleculating machine and a
limited emount of chemical glass ware. Portions of the bullding are perti-
tioned off to provide office space and house toilet facilities,

: River Water Supply

River water is supplied fo the Laboratory via a six inch main origins-
ting from the energency water supply line to the main Lrea Roservoir (Bldg,
182) « Pressure from the River Pump House (Bldg. 181) elevates the water into
& 250 gollon head tonk before it entera the Laboratory. The head tank is
equipped with a float valve and overflow to maintain a constant hesd (10 ft.
Hs0). The elevation of this tank is slightly higher than that of the main
regervolr, so its £filling requires delivery from the River Pump House. In
the event of an outage of the latter, the head tank may be by-passed to allow
water fronm the reservoir to flow by gravity directly to the Laboratory.

A lé-nesh "hop hat" strainer in the head tank prevents solids in the
P~ river water from entering the Laboratory and clogging eontrol valveg. The
leboratory is supplied with the river water from the head tank via a Aeinch
header and Troughs 5 to 20 inclusive, are fed by one-inch downcomers from

o this header, The flow to each trough is controlled by 3/8 inch gate valves.
- Area Effluent Water Supply
o Worn pile effluent from the Retention Basin (Bldg. 107) is combined with

all other area effluents at the mein sewer junction (Bldg. 1904). This mixed
* area effluent water is delivered to the Fish Laboratory via two sentrifugal
punps, each powered by 7.5 H. P. induction motors. These pumps develop a
preassure of approximetely 80 psi egainst a closed discharge. The Pump House
Ay (Bldg. 147) was erccted to house these pumps, only ome of which is normally
operated while the second ig held as stand-by. 1In October 1945, a 20-mesh
- strainer was installed in the pump discharge header at the Pump House to
pravent the passage of coarse solids to the head tanks of the Fish Laboratory.
In May, 1946 this was supplemented by o sand trap.

9 2

A portion of the area effluent water delivered to the Fish Laboratory
is directed into a 25 gallon head tank located on the same platform ag the
river water head tank. This tank elso is equipped with & float valve and
overflow %o maintain a constant head (7 f£t. H20). For the pilot tests, a
1 4 inch header from this tank was reduced to % inch diameter to feed Troughs
7 to 16 inclusive. A 4 inch downeomer with needle valve supplied each trough,
However, satisfactory flows could not be maintained with this system. For
later experiments a 12 % gallon head tank was installed inside the laberatory
and supplied by the % inch header mentioned above. This small tank maine

) tained a constant head of spproximately 2 feet. A 4+ inch header fabricated
from glass tubing syphoned area effluent water from this tank to Troughs 9
to 16 inclusive. 4 glass copillery tube of a diemeter yielding approximately
. the desircd flow was confiected by rubber hose o the end of each 4 inch downe
comer tube from the header. Finse flow control was obtained by raising or
o lowering the capillery. The 4 inch downconers to Troughs 7 and 8 wers also
A provided with rubber tubing connections for glass tube orifices.

Salmon and trout cannot suwrvive for an extended period in water warmer

-5 -




pOAASSEE ¢ o

than 24°C. Since the temperature of the area effluent water (25° to 30°)
generally exceeds this 1limit some cooling was necessary before delivering it
to Troughs 1 and 2. & second portion of the effluent water from the Pump
Houge is dirscted into o series of cooling coils laid in a ditech in the floor
of the laboratory. The water discharged from the fish troughs flows through
thig ditch and effects cooling of the effluent water in, the colls, reducing
the temperature to within 40 to 6°C of that of the river water. This par-
tially cooled water is then directed into two commode~type reservoirs, com-
plete with float valves which reduce the pressure and maintain a constant
head of about 4 feet., These tanks are arranged to operate in parallel and
each econmunicates with a common header supplying Troughs 1 and 2. The flow
to each trough is regulated by a % inch gate valve.

4 third portion of the erea effluent water from the Pump House is dire
ected into another series of cooling coils nearly identical with those deg-
cribed above. In thig incidence they are called prew-cooling coils since
final cooling of the water is accomplished in two freon refrigeretion units
of the evaporator-type, each with a capacity of approxinately two tons.
These refrigeration unita are operated in parallel and the temperature of
the water is controllad by a thermogstatic switch which cuts the units in or
out as required. The refrigerated effluent water is finally delivered to an
insulated 25 gallon head tank located on the same platform with the two largs
head tanks previously deseribed. This head tank for the refrigerated water
is also equipped with a float valve and overflow line to maintain a constant
head {7 ft. H20). From this head tank refrigerated water is supplied to
Troughs 3 and 4 via 1% inch insulated line. The flow to each trough is regu-
lated by 3/8 inch gate valves.

During the pilot tests 2 small amount of refrigerated effluent water
was also supplied to Troughs 5 and 6é via a 4 inch header extension of the
line supplying Troughs 3 and 4. Glass capillary tubes connected to down-
coners from the 4 inch header via rubber hose controlled the flow.

The effluent water headers supplying Troughs 1, 2, 3 and 4 were also
ernss-conneeted to the river water header so that these troughs could be
temporarily supplied with river water in the event of an outege of the efflu-
ent watser pumps.

Miscallaneous

An alarm system operates on the area effluent water supply and sounds
when head is lost in the refrigerated effluent head tank. This alarm pre-
vents an unnoticed failure of effluent water supply which would resuli in
complete loss of flow to Troughs 1, 2, 3 and 4.

Two 4-point Leeds and Northrup temperature instruments record the
water tempersture in eight of the twenty troughs. These instruments are
equipped with alarm trips which wern of abnormally high temperatures. A
sounting rate meter reeords the activity of the area effluent water in
Trough 2. '

Plate I shows the arrangement of the troughs and of the river and area
effluent water supplice; the control panel of the refrigeration units can be
seen in the background. FPlate II shows the end of the laboratory opposites ko
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PLATE T
General view of the Fish Leboratory

Troughs and water supply systems are shown in the foreground,
refrigeration equipment in the background.
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is situated beyond the partition,
poration arsa and equipnment.

METHODS

Opersting Personnal

that depicted in Plate I, some of the instrunen éhloh is evident and the office

Plate ITI shows the food storage and pre-

[

The writer, designated o senior supervisor in the "P" Department was
responsgible for the Fish Laboratory and the experirental work. He was agsisted
by Mr. A. C. Schroder, an “AY operator regularly assigned to the day shift,

The laboratory was operated during the 4~-12 and 12-8 shifts, and during relief
periszds by an operator assigned for this purpose to each of the fowr shift
erews working in the "P" Departiment portion of the 100-F Area.

Carc »f Test Aninals

Care of the egrs and young fish followed standard hatchery practices.
Bvery attempt wos made t0 subject all »>f the test groups to the same amount of

handling, care and treatment,

A large portion of the diet of the figh consisted of condemned beef liver

obtained fresh fron o slaughter housc in Kennewick, Washingbton, approximately
every two weeks. This liver was usually mixed with 2 prepared meal containing
diatary supplements, and with frozen salmon carcass, or condemned canned
golmon. A Mixture was made up fresh two to three times a week and the fish
were fed all that they would consume wilthout waste, Frequency of feeding
roanged from about six feedings daily for advanced fry to two feedings daily

for lerge fingerlings.

From time to title it was necessary to treat the fish %0 control disease
or as a prophylaxis. Cecasionally a commerclal germacide, "Roccoll, wag used
at o dilution of 1/50000 for a period of one hour. During such treatments
the water in each-trough wns re-circulated by centrifugal pump for a few
ninutes to insure sufficient acration of the water and to accomplish complete
mixing of the chemical. Common salt was administered weekly during warn
weather at a strength of three per cent for a period of one-half hour. On a
few occasions it was necessory to sdd 0.2 per cent of the drug "Carbarsone!
to the diet. The necessity for the use of these chemlcals will be described

in following sections.

Contraol of Water Flows

An attempt was mnde to maintain the flow of water through most of the
troughs at a rate of five gallons per minute. However, the capacities of the
pre-~cooling coils and the refrigerstion units was not great enough to pro-
perly cool this amount of water for Troughs 1, 2, 3 and 4. The flows %o these
four troughs then, was held as nearly as possible to three gallons per minute.
The flows to two of the four control troughs on straight river water, Troughs
19 and 20, were also reduced to three gallon per minute so that any difference
in the condition of the fish atiributoble to a flow of three rather than five
gallons per minute, might be recognized,
and area effluent mater, the combined flow was regulated as nearly as practi~

cal to five gallons per minute.

In the troughs receiving both river
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The rate of flow of both effluent and river water to each trough
was measured twice each shift or six times a day. Any flow found to be in-
correct was readjusted to the proper level, The rate of flow was measured
by running the water into a glass graduated cylinder for a definite period,
timed by a stop watch. Form sheets were provided so that a record of rate
of flow to each trough could be kept. A typical record sheet for the chin-
ook salmon experiment is shown in Appendix Table 1.

The gate valves or glass capillary tube tips described under
YEQUIPMENT" maintained the desired rates of flow with the following success:

The 3/8 inch gate velves on the river water supplies maintained a
flow within five per cent of the desired level about 97 per cent of the time.
The glass cepillary tube orifices on the effluent water supply maintained e
flow within five per cent of the desired level sbout &5 per cent of the time.

The % inch gate valves on the effluent water supply to Troughs 1
and 2 and the 3/8 inch gate valves on the effluent water supply to Troughs 3
and /4 maintained flows within five per cent of the desired level about 94 per
cent of the time.

Collection of Deta

A daily record was kept of the number of fish dying in each trough.
Mortalities among the developing eggs were removed at appropriate intervals.
Weights of the fish were teken every two weeks and length measurements were
made every four weeks. Observations on the condition, action and appearance
of the fish were recorded as the occasion warranted. In addition to the con-
tinuous instrument record of the temperatures in eight of the troughs a daily
record was made of the temperature in each pair of troughs.

In order to obtain the average weight of a lot of fish, a large
semple or in some cases all of a group was counted out into a bucket of water.
These fish were then emptied from the bucket into a net and the excess water
allowed to drain off. Then the fish were placed in a pan of water previously
counter~balanced on a scales. The increased weight of the pan of water repre-
sented the weight of the fish. A% the termination of steelhead trout studies,
the fish were weighed individually using a gimilar technique.

The fish were small and of uniform size at the start of experiments,
and eould be held for measurement by guiding them into a piece of glass tub-
ing via a funnel. Their length was fixed on a pair of dividers which were
then applied to a millimeter rule in order to obtain the resding. Larger
fish were held for measurement by covering them with a wet sheer piece of
cotton cloth which held them against a board. The fish could easily be seen
through the wet cloth and were measured with dividers and a millimeter rule
ag before. In every case the "sbandard" length was taken, which is the dis-
tance from the tip of the snmout to the base of the caudal fin rays.

During the incubation of fish eggs the time of removal of mortal~
ities does not necesserily coincide with the time of death or stage of devel~
opment of the embryo. In order to determine the stage of development at
which each egg died it was first necessary to Y“clear" it or render it trens-
parent, This was done by placing it in a solution of common salt.which
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figh tank owned by the University of Washington. On arrivel at the Fish
Laboratory the <almon were tempered with river wabter for about forty~five
minutes and thon placed in Troughs 17, 18, 19 and 20 for further acelimati-
zation to the Columbia River water before being subjected to the various dilu
tiong of effluent water.

Experience and Conditions

Within twenty-four hours after arrivel sbout ten per cent of the

| salnon developed a scvere Ugas bubble! disease which ccoused the fish to become

tpop-eyed" and to develop gas blisters under the skin and membranes of the
eyes and mouth, This digease was probably caused by the transfer of the fish
into a new water environment of different physicel and chemical properties and
more specifically by the faet that the river water at the Fish Laboratory is
supersaturated with dissolved gases. The diseanse gradually disoppeared over

a period of about three weeks with a resultant mortality of about fifteen per
cent of the salmon. Many of the most severely effected fish improved rapidly
after being placed in straight effluent water which had a lower gascous
content.

After the fish had becorie acelimoted to the Columbla River water for
a period of two weeks, they were divided into twenty lots of about 100 fish
each and“distributed among the troughs. In keeping with the experimental
design an attempt was mado to maintein the following water conditions in the
various troughs:

Trough No. Ratio of Area Effluent to River Woter

l1&2 100% effluent (partially cooled)

3 &4 100% effluent (refrigerated)

5&6 1:500 (effluent woter refrigerated)
7&8 1s50

9 & 10 1:100

11 & 12 13250

13 & 14 1:500

15 & 16 1:10C0

i7, 18, 19 & 20 100% river water

At the time when effluent woter was first sterted flowing into the
troughs July 23, 1945, major piping changes and other alterations of the
gupply and cooling systems to Troughs 1, 2, 3 and 4 were still being made and
thegse units counld not be uged. MNeither wag the effluent water being supplied
to Troughs 5 and 6 refrigerated. During the first few weeks of the experiment
considerable difficulty was experienced in controlling the flows of river and
effluent water and thus the various dilution levels fluctuated over a wide
range and could not be maintained within the desired lewels for any length of
time. By the latter part of August, 1945, most of the major mechanical diffi-
culties had been corrected to a degres which permitted the operation of o1l
troughs and the refrigersation units and thus made it possible to follow the
specifications laid down in the original plan within limits epproaching the
figures given on page 10, During the middle of Seplember, however, the fish
in Troughs 3 and 4 were placed on straight river water for a period of three
days while repair work was being done on the refrigeration units.,
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During this experiment the temperature of the refrigerated effluent
water was regulated to about 13°C., which is within the normal range for
chinook salmon. This temperature was lower than that of the river water
19.5°C., which was above the optimum range for salmon. A colder tempera-
ture wasg used in order ‘to help control disease and entirely eliminate the
temperature factor.

Fish were first placed in straight effluent water (cooled to 22°C.)
on July 27, 1945. This group was made up of 50 fish and was designated Lot
2=As When first placed in the straight effluent water, the fish were some=-
what nervous, and their respiratory movements increased in rate., Such a
reaction could be expected, however, from the excitement of the transfer
alone. A few hours later the fish showed & passive interest in food. Late
in the afternoon a temporery oubage of the effluent water pump caused a
stoppage of flow to these fish for about fifteen minutes; this, however, did
not result in obvious distress in the fish,

By the following morning all but eight of the fish of Lot 2-A were
dead., Dissection of specimens which had recently disd gshowed no apperent
anatomical abnormalities. Since this was the first group of fish which had
been gubjected to the undiluted effluent water, it was not considered une
usual at the time that most of them should be killed. Evidence accumulated
later, however, indicates that this was an unusual occurrence and was prob-
ably due to the presence in the effluent water of a soluble oil ("Calol)
used during pile metal displacement operations.

A second group of fish mads up of 50 individuals which had been held
in reserve in straight river woter and s third group composed of 52 individe
uals removed from vaerious other troughs because they had %gas bubble" disease
were placed in the partially cooled effluent water on July 28, 1945. The
diseased fish were used to avoid a needless sacrifice of many good fish,
gsince 1t was expected that most of them would be killed by the effluent
water during the first twelve hours'! exposure, as had happened to Lot 2-A.
However, the expected heavy mortality did not materialize, and the "gas
bubbles" Bsegan to disappear from the diseased fish.

A fourth group of fish, which was made up of 50 salmon that had been
held in reserve in straight river water was placed in the partially cooled
effluent water on August 1, 1945, Because of space limitations it was
necessary to combine these fish with those surviving in Lot 2-4 (which now
toteled 6). The new combination was designated Lot 2-B. Likewise, it was
necessary to combine the second group with the third group (recovering from
the "gas bubble! disease) to form 2 new group which was designated Lot 1-B,.

During the next four weeks the mortalities in Lots 1l-B and 2B were
congistently higher than in any of the other lots, but no great percentage
of the fish died during any one twelve-hour perlod, as was experienced by
Lot 2-A on July 27-28,

Rather than liberate the salmon in August, as was originally schedw
uled, it was decided that they should be held for another few weeks with the
hope that better data obtained under more uniform experimental conditions
could be accumulated. Since digease had teken a heavy toll of the salmon,
the lots were regrouped in order to equalize the number of fish in each
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trough, This regrouping was done-on August 27, 1945, and resulted in each
trough being stocked with about 44 fish. So few fish remained alive in the
straight effluent water (Lots 1-B and 2-B) that these were combined into a
single group and supplemented with surplus fish from other troughs to bring
the total for the lot up to 23, This group was then designated 3-C and held
in refrigerated effluent water in Trough 3. The other troughs containing
undiluted effluent weter (that is, Nos. 1, 2 and 4) received new stocks of
fish obtained by thinning out stocks in other troughs. The number of fish in
each of the other troughs was adjusted by removing an appropriate number fronm
those with large stocka and placing them in the troughs which were understocked.
Ingofor as was possible, tho transfer of fish was made between troughs of like
water conditions; otherwise the shift wag made from a lesser concentration of
effluent to a greater one. The group of fish in sach trough was still desig-
neted by lot number which corresponded to the position of the trough, but the
suffix "C" was added to show that a regrouping hsd been made.

D
— O A

On the morning of August 31, the fish in Troughs 1 and 2 would not
eat - - they were quite weak and susceptible to handling during a treatment
with "Roceol®. 1In the aftterncon these fish were listlesgs and showed little
interest in activity around them, Many of them swam near the surface, often
inclined with their shouts out of water. Reapiratory movements were labored,
but they were not gasping for oxygen. A mortality started during the late
afternoon and increased during the evening. By 3:00 A. M. on September 1, all
of the fish werc dead. Although the fish in Troughs 3 and 4 did not sppear to
be similarly distressed, the mortality in these groups increased after this
time and continuved at a rather high rate.

The occurrence of this heavy mortality in Lots 1-C and 2-C on August
31, was very much like that which occurred in Lot 2-A on July 27-28, and took
plece under similar edrcumstances. In sach cage the 100-F Pile was under~
going metal displacement, and "Calol" was entering the effluent water. Such
sudden mortelities did not occur again during this experiment.

For several hours on sach Mondey and Tuesday, the fish in the undil-
uted effluent water were subjected to an extremely heavy concentration of
ferric sulphate ("Ferrifloe") sludge, which was flushed into the sewer from
the water purification area. While thls sludge was in the weter, the gills
of the fish appeared to be slightly irriteted, as was indicated by their
opercula being held in an extended position. During this time the fish were
more nervous than usual, their respiratory rate increased glightly, and they
refused food. However, their actions soon returned to normal when the water
cleared up. It would seem that the ferric sulphate sludge affected the fish
as a mechanical irritant rather than a chemiecal toxin,

Serious disease conditions of various types existed throughout the
experiment, which mekes much of the data unreliable. Such cornditions were
anticipated during the later pert of the summer, however, since the physio=
logical processes of the fish were changing to adapt the fish to a salt water
environment. Further, the summer temperature of the Columbia Rlver water was
congidersbly above the optimum range for chinook salmon and favored the
existence of digease orgonisms., Throughout the period of retention in the
laboratory troughs, the salmon were highly nervous and almost continually
fought to escape and migrate downstream. Often they showed only a passive
interest in food. Late in July, external parasites common to fish began to
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appear, and early in August, an epidemic of Boegilus columnaris spread through
the fish. A series of salt batha given on alternate days were effective in
ridding the fish of parasitie protozoans, but prophylactic trestments with
"Roccol® only partially controlled the bacterial infection.

The 507 surviving chinocok salmon fingerlings were liberated into the
Columble River near the 100-F Area on September 26, 1945.

Mortalities

A dally record was kept of the number of fish dying in each lot. These
daily records have been condensed into weekly periods, and a summary of them
is given in the appendix. Teble 2 covers the preliminsry part of the study,
and Table 3 the second part after the lobts were regrouped on August 27, These
data have been further condensed by corbining lots which were subjected to
like dilutions of the effluent water, and parts (A) and (B) of Table I show
these totals, together with the percentages for the early and later parts of
the experiment, respectively. Graphlc representations of parts (A) and (B)
of Teble I are shown in Figure 1, perts (4) and (B).

Figure I clearly shows the extremely high mortalities which tock place
in all groups subjected to straight effluent water, either only partially
cooled or refrigerated. In both parts (A) and (B) the high mortality in the
effluent groups, Lots (2~A) and (1-G and 2-G), which occurred during the first
week, represents the unmusuel and sudden death of fish in these lots on July
27-28 and August 31, respectively. Aside from these groups which were held in
undiluted effluent water, the variations in the mortalities of the various
experimental groups from that of the river water control groups ere not con-
sldered as attributable to variations in the concentration of effluent water.
4As pointed out in the section sbove, the fish in this experiment suffered
severely from disease. Mortalities from digease varied greatly from trough
%o trough and tended to obscure any effect which the different dilutions of
effluent water might have upon the mortality. The wide variation among
individual lots of the control group, Appendix Tables 2 and 3, is evidence
of this. ¥Further, part (A) of Figure I indicates an inverse relationship
between mortality and concentration of effluent water, straight effluent belng
excluded, Although the control mortality in part (B) was lower than in any
group vhich wes subjected to effluent water, the crossing of curves and the
finel errangement, which again generally shows an inverse relationship between
mortality and amount of effluent water, strongly indicate that the factor
controlling mortelity was not the concentration of effluent water.

Growth in Length and Weight

The fish were welighed at the beginning and end of the preliminary
period and at the beginning, middle and end of the second period after ree
grouping the lots. Appendix Tables 4 and 5 summarize the result of these
weighings., In Table II, parts (4) and (B), the weight of lots in similar
water conditions have been combined., Part (A) doas not show weights for the
fish held in undiluted effluent water since the majority of such fish lived
but a short period of time, The data from part (B) of Table II, covering the
period when experimental conditions were reasonably comstant, are shown graph-
ically in Figure 2,
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TABLE 1 WORTALITIES OF CHINDOK SALWON FINGERLINGS fELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
- {A) Early Results Bofors Mschanical Difficulties were Corrected
Type of Water Effluent Efflusnt Effluent 1:50 1:120 1:250 11500 11100 River #ster
Lot Nos. 24 1B 2B T&8 9 & 10 11 & 12 5&6 15 & 16 3, 4, 17, 18
13 & 14 = " i a'2g"
lio. of Fish 50 94 56 200 200 230 400 200 130
16 J [ I I’} u u M m
Dats Wesk| T  |eum} @y cum | ©, cunm | % cum on cum | O, cum o cum or cum °r curn
il P A tla | & tl 4|2 tl g [ 4 A 1% Yl 4| A tl 4| # 2 | & Yt 2 %
7/25-31 1 | 44 | B8 | 88 (Not vet started) 12 | 6.,0f 6.0] 18 | 9.0| 5.0] 24 |12.0/12 23 5.7 | 4.7 9 | 4.5 | 4.5 54 111.3 11,3
8/1-—7 2 Ends 22 |23.4123.4] 21 [37.6 37.5.] 18 | 9.0{15.0] 34 17.0]26.0| 35 |16.5/28.94 45 |11.2 |16.9 38 |19.0 [23.5 47 3.8 21,1
3/5-14 3 ' 20 |21.3'l44%7| 27- 149.2 [85.7 | 20 j10.0[|256.0] 16 { 7.B 33.51 25 12,5/ 41.d 71 [17.8 | 34.7 66 [33.0 [66.5 83 |18,3 |35.4
3/15-21 4 25 |26.6[71.3) 6 [10,7[96.4 | 16 | 8.0[33.0| 11 | 8.5 39,0 6 3.0] 44,0 41 |10.3 [ 45,0 25 |12.5 |69.0 S8 |12,0 |[51.4 o
8/22-27 ] 20 |21,3{92.6] 1 1,8 [98,2 16 | 8,0|41.0] 6| 2.5(41.5] 12 6.0{50.4 16 4,0 | 45,0 8 4.0 |73,0 18 | 3.8 |55:%
Total 87 |92.5 56 P8.2 82 (41,0 83 |41.5 160 [80.0 196 |49.0 145 | 73.0 265 |38.2
{B) Later Results After Regrouping Lots
nelriceratad 1:500
Typs of Vatey Effluent EffTuent helries BLL, 1:50 1:100 1:250 1:500 131000 River imter -
Lot Nos. | 1C & 2¢ 3C % 4C 5C & 80 10 & BC 9c & 106 11C & 12C 13C & 14C 15¢ & 18C 17¢, 18;;}0190 &35
No, Flsh 86 Y 45 89 90 89 87 87 174
p M Iy M o Mo I
Late usak or cum or G Uik Or cum °r cun Or . cl.:m Dr Lum r cum r . C‘J:m or cusm.
bl AlL | t) 4.4 L2 O t1% 14 tla la 1414 t| & 1% L I t %
8/29-9/3 1| 86(100 00} 10 |14.9 |14.9]| 13 [15.3 [16.3 8 B.9| 8.9 T.81 T« 6 6.8/ 6.9 8 9.2 9,2 12 ]13.,8 |i3.8 g 5.2 5.2
9/4-10 2 Ends 32 {47.7[62.6| & 7.0#22.5 3 3.4(12,3 6,7]|14.6} 10 |11.2{18.0 8 9.2 | 18.4 5 547 |1945 5 be2 11044
9/11-17 3 15 |22.4 [85.0] 6 ] 7.05928.4 | 4 4,65116.8] 12 |13.327.8] 13 |1l4.6/32.4 1 1.1 |19.5 & 6.9 ]26.4 7 4,0 [14.4
9/18-26 4 2 | s.0lee.0] 7 |8.2[378] 5 | 3.4/20.2] 6| 5.5]33.3] 3 5.4] 36.d 2 | 2.3laws| 11 j12.6 [zmo0] ¢ | 2.3 |16.7
a6 l100 ‘59 lss.o 32 B7.6 18 |20.2 30 |33.3 32 |38, 19 |21.8 34 139.0 29 |18.7




MORTALITIES OF CHINOOK SALMON FINGERLINGS

HELD IN VARIOUS CONGENTRATIONS OF AREA EFFLUENT WATER
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TABIE 11 AVERAGE WEIGHT IN GRAMS (F GHINOOK SALMON FINGERLINGS HEID IN VARIOUS
CCNCENTRATIONS (F AREA EFFLUENT WATER

(A} FPrelimimary Weights of Surviving Lots,

Type of Water 1150 1:100 11250 1:500 111000 River Water
Lots fncluded| 7&8 | 9&10 | N &2 | 5 6, 15&16 | 3, 4,17, 18,
13 & 14 19 & 20
Ho, of Fish
et start 200 200 200 400 200 500
/2 /45 9,35 937 8,69 8,56 8,92 9453
8/27/L5 13.19 13,30 13.43 12,94 14,30 13,27
:.4 (B) V¥elghts After Regrouping of Lots on August 27, 1945.
o Refrigerated| 11500
! Type of Water | Effluent Efflusat Refrig Eff,| 1150 1:100 11250 1:500 1:1000 River Weter
Lots inocluded | 1C & 20 3G & 40 % & 66 7 & 8C |90 & 100 | 110 & 12C | 130 & 14C| 15C & 16C | 17C,18C,15C,20C
No, of Fish
at start 86 67 85 89 90 89 87 87 174
8/28/45 12,88 11,84 13,92 13.12 13.10 13.35 12,13 13.20 13.50
9/10/45 A1l Dead 13.21 15,07 15,01 L1447 15,03 13.93 14,83 15,20
9/24/45 15,80 16,19 17.17 15,70 15,54 15,45 16,50 17,30
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TABLE I1I AVERAGE IENGTHS IN MM (F CHINOOK SALMON FINGERLINGS HELD IN VARIOUS

CONCENTRATIONS (F AREA EFFLUENT WATER

- Refrigerated 1:500
Type of Water Effluvent Effluent |Refrig.tff,| 1350 |1:100 1:250 11500 211000 River Water

Lot Nos, 0ex | 3048 % &6 |70 &80 |9 &00] 110 & 326 230 & 10| 150 & 366| 176,160,190,200 | Y

No. of Fish on

8/29-30/45 8}, 66 82 86 88 85 84 83 173
8/29-30/45 97.8 971 100,8 9446 9449 99.8 101,2 100,2 100.2
9/24=25/15 Ho fish 103,0 105.7 105,9 | 103.8 103.5 102,3 106,3 106.8
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Although the weight of the control group was siightly higher than that
of most other groups, it wes closely paralleled by that of the group in the
1:50 dilution, with the exception of the straight effluent water, this was the
highest concentration used. Actually the size variation between all of the
groups is not large and cannot justifiably be atiributed to the different
water conditions.

Lengths of the fish were taken only at the beginning and end of the
second period. These moasurements, grouped into class intervals of five milli-
neters, are shown ag frequencies in Apperdix Tables 6 and 7. After combining
lots held in like water conditions the noans of these date are presented in
Table IIT and graphically in Figure 3. The results are ruch like those for the
weights and the remarks given there will apply equally well to the length data.

The variation in size and in rates of growth between the various groups
ia not congidered great nor due to varlations in water conditions. These data
are not considered worthy of further statistical treatment since the variations
which did occur could betiter be interpreted in the light of uncontrolled conw
ditlionsg rather than as the resuwlt of subjecting the fish to different dilutions
of grea effluent water.

~

Discussion

Because of the difficultied which were encountered in the operation of
flow controls and the refrigeration umits the chinook selmon fingerlings were
held at the laboratory for sbout twice as long as was originally scheduled.
Holding these fish for a congiderable time past their normal migration perlod
in the warm summer temperatures of the Columbia River water lead to dlsease
difficulties which wers not easily controlled. The experimental conditions
were so upset by the eorly improper functioning of equipment and later by
digease that definite conclusions as to the effect of dilutions of the eff-
luent water on fingerling chinook salmon could not be drawn. It was apparent,
however, that wndlluted area effluent water, either partially cooled or
refrigerated to within the normal temperature range of salmon, was not sult-
sble for the survivol of the fish and, occasionally, was quickly lethal.

In spite of the many difficulties, the primary purpose of this first
experiment, which was to tegt and perfect the equipment, was accomplished
satisfactorily, Further, some general knowledge of the effect of the efflu-
ent water at verious dilution levels was gained.

STUDIES_ON STEELHEAD TROUT FINGERLINGS

Purpose

The early part of this experiment was carried out at the same time as
the pilot studies on the chinook salmon just desoribed, and thus also alded
in the development of equipment and techniques and in the selsction of dilu-
tion levels of area effluent water to be used in later tests.

Secondly, steelhead (rainbow) trout sre one of the most valusble sports
fish of the Columbia River system, and in sddition, are of considerable con-
mercial value to fishermen of the State of Oregon, Since, itrout of this
species could be expected to spend at least the first years of their life and
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perhaps the greater portion of their existance within the influence of water
discharged from the Pile Areas, information on the effect of the effluent
water on these fish wag of high importance.

The original experimental design further planned that some of the
trout which had been subjected to the area effluent water be raised to matur-
ity and their reproductive capabilities studied. Facilities for raising figh
to maturity are not available at the Fish Laboratory and it was originelly
intended that ponds at the University of Washington be used for these later
studies. However, an extended program at the University required the use of
all facilities available there. Further, only & very few fish of suitable
exposure for such studies survived at the Fish Laboratory and thus it was
decided that this phase of the experiment should be cancelled for the present,
but, if possible, should be done at a future time,

Origin of the Test Animals

The trout used in this experiment were obtained from the stock reared
at the School of Fisheries, University of Washington., This strain of fish has
been selectively bred at the University for several generations and their re-
productive capabilities sre quite well established. At the beginning of
these studies the £ish were three to four months old and averaged approxi-

mately two and one half inches in length, having been hatched from eggs at
the University early in the spring,

The 3062 trout used were transferred from the Universgity of Washington
to the Fish Leboratory on July 16, 1945 in a transportation tank owned by the
School of Fisheries, On errivael the fish were tempered with Columbia River
weter for about one hour, then counted and placed in Troughs 13 through 20.
Screen partitions in the troughs separated the trout from the salmon used in
the pilot experiment, All of the fish were held in straight river water for
geveral days for acclimatization before being subjected to effluent water.,

Experience and Conditions

Preliminary Sﬁudies

The trout were in excellent condition upon arrival at the Fish Laborae
tory and covers had to be kept on the troughs to prevent them jumping out.
Fortunately, the trout were more registant to the factors causing "gas bubble®
disease and did not suffer from the gas blisters as did the salmon. A4 very
few individuals did, however, show evidence of the disease,

On July 29th, the trout were counted into 20 groups of 150 and each
group wag placed in one of the troughs. Since Troughs 1, 2, 3 and 4 were not
vet in operating condition, the fish allocated to these troughs were held in
regerve in compartments of Troughs 17, 18, 19 and 20.

The water conditions to which the trout were subjected in the various

troughs were the same as for the salmon in the pilot experiment and were as
followss
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TROUGH NO% HEA TI0 OFmEEF&UENT IO RIVER WATER RATE OF FLOW
1&2 ' 100% effluent water, partially cooled

(3° to 59C sbove river water .temperature) 3 gapems
3&4 100% effluent, refrigerated to about 13°C. 2 Eupelie
5&6 13500 effluent refrigerated N 5 gapella
7 & 8 1350 . ) : 5 g.p-m.
9 & 10 15200 : o 5 Zepene’
11 & 12 1:250 : . 5 gepem.
13 & 14 1t500 5 g.p.mo
15 & 16 131000 5 g.pele
17, 18, 19 & 20 ' 100% river water 5 BiPolte

Trout were first placed in Troughs 3 and 4 on August let and 2nd,
regpectively. Since the refrigerziion units were not then operating, the area
effluent water entering thesge troughs was only partially cooled. During the
later part of August, the refrigeration units were operated most of the time
but frequently had to be ghutdown for repair or adjustment. and thus the fish
in Troughs 3 end 4 were subjected to refrigerated effluent, partially cooled
effluent and, at times, straight river water. Obviously, data collected
during this early period were not very relisble but in gencral mortalities

among the trout in Troughs 3 and 4 were very similar to those in the other
troughs.

The results obtained during the first month were further complicated
by disease conditions smong the fish. The trout were subjected to the same
parasiteg' ag the salmon but seemed more resistant to them and mode a better
recovery, Repeated baths of three per cent salt soon rid the trout of
Cyelocheta, a parasitic protozoan. A serious infection of B, columnaris

caused the death of many fish but was finally brought under control by re-
peated treatments with “RoccolM.

By August 26, 1945, major equipment difficulties hod been corrected
80 that Troughs 1, 2, 3 and 4 could be operated properly, and digease organe
isms had also been largely eliminated. An opportunity wos thus afforded for
gbarting enew with the expectation that subsequent dota would be reasonably
accurate and useble. At this time the group of fish which had been held in
Trough 3 was moved into Trough 2 and one of the groups held in reserve in
river water was pleced in Trough 3. The other group which had been held in
regerve in river waber was moved into Trough 1. These changes were mads in
order that comparsbls groups of fish would be present in Troughs 1 and 3,
and 2 and 4, respectively, those in Troughs 1 and 3 having Just been placed
in the effluent water for the first time,(1)

The factors in the effluent water on August 31, 1945 which were
lethal to the salmon in Troughs 1 and 2 alsg had their effect upon the trout,
During the afternoon, the trout in Troughs 1 and 2 were listless, showed
1ittle interest in activity around them and refused food. A few fish died
during the late afterncon, and several more during the night, (A1l of the
salmon in troughs 1 and 2 were dead by 3:00 A. M,) On the morning of

(1) Subsequent results showed that the previous history of these groups, had
little effect upon their later tolerance to the area effluent wamer;
that is, Lots 1 and 2 behaved alike and 3 and 4 behaved alike.




September lst, the surviving trout in Troughs 1 and 2 were quite ill. Many ‘
were gwimming neer the surface of the water and breathing was rapid. Ocece-
sionally an individual would becoms too weak to swim upright, would lose
equilibrium, eventually sink to the bottom and die. Several specimens which
were nesr deasth were dissected and examined but, other than an enlarged gall
bladder in one, they appeared to be in good condition. Several mors fish

died Quring the day which reised the total for these two troughs %o sbout 20
per cent.

9ince the fish were stlll very ill and refused food in the after- .

noon of Septerber lst, straight river water was turned into Trough 1, to see
if the rate of mortality could be checked by river water. However, it would
seem that the factor in the effluent water which caused the heavy loss had
passed since the rate of mortality dropped eppreciably in both Trough 1 and
Trough 2 and the mction of the fish improved, Effluent water was agsin
turned into Trough 1 on Soptember, 6th. The trout in Troughs 3 and 4 suffered
e partiel loss of sppetite for a few days after Septerber lst, but otherwise
seetied unaffected by the adverse conditions. . As pointed out in the salmon
experiment, evidence acourmlated later indicated that "Calol" was the cause
of distreas among tha fish.

4 loss of gppetite and a comparatively high rote: of mortality ¢on-

- timied in Troughs 1 and 2 until the torminstion of this test. These lots

were further troubled by an infestation of Ichthyopterus, a common fish parss-
sites This parasite was probobly sble to estoblish itself on these fish be-
cauge of thelr weakened reslstance and the higher water temperature in these
lots. JIchthyopteriug did not aoppoar in eother lots and was finally eradi-
cated from Troughs 1 and 2/by repeated treatment with strong salt and by,
turning a strong £low of river water into the troughs for gbout one weeke

By the firat week in October, the trout had increased in size to
e point where 1t was necessary to reduce the number of fish in each trough
%o 50, This wns done on October 11, 1945 and the surplug fish, which
amounted to 1066, were liberated into the Columbia River adjacent to the
I00-F Arsa. The high mortalities in Troughs 1 and 2 had so reduced the
number of fish.in thase lots that those in Trough 2 were combined with those
in Trough 1 to form a new group designated lot 1A, A new stock of fifty

© fish, obtalned from surplus from the river wator control lota, was placed

in Trough 2 and designated as Lot 24.
" Final Studies

The results obtained during August and September 1945 at the Fish

" Laboratory, indicated that a more complete knowledge of the problem might be

gained if certain changes were made in the concentrations of area effluent

water being used. Under the original set of concentrations, which had been
chosen erbitrarily, there was a considersble differsence between the action

of the fish in undiluted effluent water and in the next highest concentras

tion, one part of efflpent to £ifty parts of river water. It was proposed

the two new concentrations be uséd in order to bridge this gap. The pro=-

“posed changes wore discussed on Septermber 28, 1945 at a conference held in

Richland, attended by Dr. L. R. Donaldson of the University of Washington,

‘Major A, A. White of the Medical Corpsa.. (Manhatten Distriet), Mri Hi Thayer

of the U. S. Engineers, and Dry S. T, Cantril and Mr. R. F. Foster of the
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du Pont Company. The following changes were agreed uponz( )

(4) Substitution of a dilution of one part area effluent to throes

parts river water for one part refrigerated efiluent to 500

. parts river water in Troughs 5 and 6. The 13500 dilution using
refrigerated effluent water was duplicated with a 13500 dilu-
tion using unrefrigerated effluent water. Since the actual
temperature difference of the resultant mixtures was not apprece
iable, little experimentel evidence would be lost by the elime
ination of this water condition.

(B) sSubstitution of a dilution of 1:10, area effluent to river
water, for the 13100 dilution being used in Troughs 9 and 10,
It was surmised that the elimination of the 13100 dilution
would not interrupt the series as greatly as the elimination
of any ons of the other dilutions.

A% the tire the lots were reduced to £ifty fish each, October 1llth,
it was convenient to mazke the above changes in the experimental design. At
the seme time the rate of flow to Troughs 3 and 4 was increased from two %o
three gallons per minute, This was made posgsible by improved efficiency of
the refrigeration units which could not adequately cool a larger volume of
water. The temperature of the refrigerated effluent water was raised, on
October lst, from 13°C to 17.5°C in order to meke it the same as that of the
river water, Subsequently, the temperature of the refrigerated effluent
weter was adjusted to follow the changes in temperaoture of the river water.
In order thet any difference in results due to the lower rate of flow in
Troughs 1, 2, 3 and 4 (3 gpn in contrast to 5 gpm in other troughs) could be

eppreciated, the flow in two of the control troughs, Nos. 19 and 20, was also
reduced to three gallons per minute.

These changes resulted in the following new water conditions in the
various troughss

TROUGH NO. RATTIO OF EFFLUENT TQ RIVER WATER RATE OF FLOW
1&2 100% effluent, partially cooled 3 Bepeiis
3&4 100% effluent, refrigerated to river

water temperature 3 Zepelie
5&6 113 5 gepelte
7&8 1:10 5 Bepeme
9 & 10 1:50 5 geDelle
11 & 12 13250 5 EePalle
13 & 14 12500 5 gepem,
15 & 16 1:1000 5 gepelte
17 & 18 100% river waber 5 Zepele
19 & 20 100% river water 3 Zepelie

In order to keep the fish in the 1:50 dilution level at a conse-
cutive plece in the series of troughs, they were moved from Troughs 7 and 8
into Troughs 9 and 10. The fish from Troughs 9 and 10 being used now for

.(1) "Proposed Changes in Dilutions of Area Effluent Water at 146 Bldg.",

R. P, Foster to G. N. Gross, October 4, 1945,
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the 1:10 dilubtion level were moved down into Troughs 7 and 8, A suffix WAM
wes added to the lot numbers corresponding to trough in which new water cop=-
ditions existed or where different groups of fish had been placed in order to
avoid confusion in the data.

During the night of October 11-12, 1945, immediately following the
start of the second and f£inal phase of this experiment where the new water
conditions were in sffect, adverse factors were again present in the area
effluent water which coused the death of many fish in Troughs 1, 2, 3, 4, 5
and 6. The action of the distressed fish was like that shown by the fish
affected on August 31lst, and September lat, referred to above. The fish in
in Troughs 1 through 6 continued to show considerable distress on October
12th and by 4300 P. M. of that day the following mortalities had occurreds

Lot 1A 45 per cent
Lot 24 100 per cent
Lot 3 90 per cent
Lot 4 94 per cent
Iot 54 36 per cent
Lot 64 38 per cent

Examination of seversl of the dying fish revealed no obviously sbnormal con=-
dition except that the conlor of the gills of these fish was a 1little lighter
and brighter than that of the control fish which were not effected. Samples
of the effluent water collected during the early morning of October 12th,
showed normal amounts of residual chlorine and dissolved oxygen. However,
as on other similar occasions, metal in the 10C-F Pile was being displaced
and "Galol" was present in the area effluent water.

This was the first cccasion where the £ish in the refrigerated
effluent water had been severely effected, however, the temperature of the
refrigerated effluent was higher at this time than on previous occurrances
since it hiad been sdjusted up to that of the river water, Nevertheless,
conditions were sufficiently adverse to caunse o congideranble mortality even
where the effluent wes diluted with three parts of river water. The fish in
Troughs 7 through 16 seemed uncffected by the unusually adverse condition
of the effluent water, '

In the lots which were effected some mertality continued and the
fish refused food for several days. By October 1éth, only two fish remained
in refrigerated effluent water so these were combined with a new group of
ten fish moved intoc Trough 3 from & reserve group which had been held in
straight river water. The new gtock in Trough 3 was degignated Lot 34.

Similerly sdverse conditions were agein anticipated on October
16th, since pile metal displacenent was again being made. A careful watch
was kept of the fish and somples of the effluent water were collected at
frequent intervals during the day. In the late afternoon-the fish in
Troughs 1 through € appeared to hove gore gills as evidenced by extended
opercula, and breathing was more rapid than normal. This may have been due
in part to ferric sulphate sludge coming through in the effluent water.
During the late evening, the fish in Trough 1 were obviously uneasy but not
greatly distressed; during the night two of the surviving twenty-three died.
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In Lot 3A, however, which was made up prineipally of fish that had not pres
viously beeh in effluent water, the trout gradually became more sluggish
during the evening end by morning, eight of the twelve fish were dead., The
fish in Troughs 5 and 6 showed some listlessness during the evening but were
not seriously effected, Five of the remaining fifty-elight died during the
night, The fish in these first six troughs showed a lack of interest in food

for several days more. Fish in other troughs in the laborstory were not
effected. '

Since only four fish remanined in Lot 34 on October 18th, ten more
fish from a reserve stock in streight river water were moved into Trough 3
with them. The new group was designated Lot 3B.

Special obgervations and water samples were taken on subsequent days
when the 100-F Pile was undergoing netal displacement but serious difficul-
tieg were not encountered during the experiment.

The "Calol" used during the pile metal digplacement operabions was
guspected of causing the distress and death of the fish in the undiluted
grea effluent water on the oceasions mentioned above, To test this hypo-
thesis, five trout were subjected to a concentration of 10 ppm "GCalol" in
river water for a period of eleven hours on November 20, 1945. The fish
were obvlously effected by the oil since they became somewhat listless,
ghowed symptoms of sore gllls and refuged food. When the oil was stopped the
fish began t¢ recover and by the morning of November 2lst, their actions were
near normal and their gills no longer appeared irritated. They refused %o
take food until Noverber 22nd, however, None of the fish died or were in
great distress. This test was repsated on November 30, 1945 in the straight
effluent water of Trough 1. After being exposed Lo the oil for about six
nours, the fish became quite ill, and with continusd exposure they became
listless and weak, their respiratory rate increased and they "coughed" almost
conbinually. After nine hours the fish began to die and twelve hours after
the start of the test four of the five fish were dead. The f£ifth fish, the
snallest of ?h? group, refused food for several days and died about two
weeks later.(l

The remainder of this experinent was completed without further un-
usual ineidences or serious voriation in the conditionsg under control. The
surviving steelhead trout were liberated into the Columbia River adjacent to
the 100-F Area on January 7, 1946,

Mortalities

Daily mortalities have been combined by weeks and the results pre-
sented in Appendix tables. Table 8 presents the data obtalned after disease
and mechanical difficulties had been eliminated and before the lots were
reduced to fifty fish each, Table 9 presents the data obtained after the
muber of fish was reduced and new water conditions were set up. The diff-
erence in total mortality between each individual lot and the average of the

(1) For further details on these and other studies on "Calol® the reader is
roferred to "Occasional Heavy Mortalities Among Fish Held in 100-F Area
Effluent Water and Some Effecta of "Calol" on Steeihesd Trout Finger-
lingg" - - R. F, Foster to File, Way 2, 1946.
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four c¢o ﬁ$ol lots has been tested for significance by the method of Chi-
square, Values which are probably significantly different from the control

_ have been underlined - - those of questionable significance underlined with

dots and those not significantly different have not been underlined.

- In Table 8 none of the control troughs had mortalities significantly
higher than their averoge, which indicates thet factors beyond control did
not cause sufficient variation betwsen the mortalities in Troughs 17, 18, 19
and 20 to nuliify the hypothesis that they formed: a homogeneous group which
might be considered as a whola. Although this does not hold true for some
of the water conditions, it was felt that the best estinmate of mortalities
would still be obtained if itrough pairs were combined, Further justifica=
tion for pooling lots in like water types 1s the fact that mortalities signi-
ficantly different from the conitrol were glways higher.

Table IV, shows the results after pooling the data of Table 8 from
lots subjected Yo 1liko types of water and converting the mortalities into
cumilative percentages. The probability that the mortality in each water
type was significantly different; from .the mortality in straight river waber
was again tested, using chi-square. The results were essentially the same
ag when the lots were consicdered individually, and those showing probable
difference have been underlined., These data are shown graphically in Fi%ure
4L+ The high mortality suffered by the fish in straight effluent water (3)
(Troughs 1 and 2) during the first week (8~27 =~ 9=2) is largely due to the
unusual weter conditions which exigted during the evening of August 31, 1945
and referred o in the gection sbove. Rather congigtent daily mortalities in
this group in aubeequent weeks maintained a high death rate throughout most
of the test. Although the statistical test indicates that the moritalities
in nost of the other experimental groups were also significantly higher than
that of the control, the sequence in which they occur would indicate that
factors other than the concentration of effluent water were responsible for
the differences. Thus, next in order of magnitude to the sgtraight effluent
lot referred to above, the highest mortality occurred in Troughs 11 and 12,
vhich have a water type of 1:250. Un the other hand, the mortality in
Troughs 7 and 8, at a concentration of 1:50, is not significant from that of
the controls, This would lead one to the conclusion that the straight eff-
luent water caused a very great increase in mortality anong the steelhead
trout, but that dilubions of the effluent of 1l:50 or more caused insignifi-
cant inereagses in the mortality, the other differences being due to factors
beyond control: i.e., disease. The fact that the mortallty -among the fish
held in refrigerated effluent water wes relatively lower than in many of the
high dilutions is of interest., During this preliminary period the tempera=
ture of the refriperated water was about 13°C., somewhat lower than that of
the river water,

(1) 4 discussion of the statistical methods used is beyond the scope of this
report, For methods of caleulation, the reader iz referred to btextbooks
or to "Statistical Methods at HE.,W.", Be F. Butler to File, Aug. 6,1946.

(2) Actually the water is partially conled in the precooling coils. In the
tables, figures, and in this discussion it is referred to merely as
effluent to avoid confusion with the effluent eccoled by refrigeration.
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TABIE IV WORTALITIES (F STEELHZAD TROUT FINGERLINGS HELD IN PRELIMINARY
CONCENTRATIONS OF AREA EFFLUENT WATER

Refripgerated 1:500
Type of Weter Effluent | Effluent |Refrig.Eff, 1150 - 11100 11250 13500 1:3000 | River Water
Lat Yos, 182 X & 4 5&6 7 & 8| 9 & 10 | 11&12 |13 &14|15&16 | 17,18,19,20
Ko, of Fish 252 214, 22/, 210 236 236 261 272 431
Heek | Dete uort Gu’"z uort G“m, uort G“mz M°1't cum% uort cum% uort cum% mort ctlmi M°r.h Gu"’i uort G“m%
. 1 |8/a7-9/2 57 |22.6 3 |14 0.0 0.0 3] 1.3 8 | 3.4] 31112} 5/|21.8 0.0
w 2 |9/3-9/9 2, 321 2|23 | 1| ou 0.0 2 1 23 | 13| 89| 11| 5.4 | 2|26 0.0
! 3 | 9/10-9/26 46 1504 1 1 | 2.8 | 1 9 0.0 | 31 34| 21 97| 5|73 26| 2| 0,5
L [ 9/37-9/2 46 (68,6 2.8 1 { 1.3 1 o5 1 {38 3 (1.0 3|84 2.6 0.5
5 | 9/au=9/20 16 175.0 1] 3,3 1.3 5 3.8 11.0 8 | 7| 5.2 0.5
6 |10/1-10/7 376.2] 1137 | 2|22 1§10 ) 1} 42 13..0 84 1]55) 1] 07
7 |10/8-10/12 5 |78.2 R | 4T 1| 247 2 {19 42 1.0 8.4 545 21124
Total 197 X 4. 4 1 26 22 1 5
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The data in appendix Table 9 have been s:mllarly treated and com-
bined. Table V¥ and Figure 5 show the results of pooling the mortalities of
the various lots into groups subjected to similor water conditions. The
umugually adverse conditions (probably "Calol") which existed in the efflu-
ent water on October 11, end October 16, caused the extremely heavy morta~
lities during the first woek in the effluent, refrigerated effluent, and the
1:3 groups. What is probebly a contimuation of this effect is seen in the
123 group during the second week and in the refrigerated effluent waber
group up to the fourth week. Subgequent mortalities in these groups were
practically nil, Mortalities in all other water concentrations and in the
controls were practically nil throughout this final period,

Growth in Length

The fish were measured every four weeks, and the resulils obtained
are shown as frequencies in appendix Tables 10, 11, 12, 13, 14 and 15. These
data are sufficiently consistent to permit pooling of lengths of fish in lots
subjected to similar water conditions. This is indicated by the fact that at
ro tire did the average length of any of the control lots differ significantly
from that of the group as a whole. The average lengths for the pooled lots
for both the preliminary and final parts of the experiment are given in
Teble VI. Values which are underlined sre significantly higher or lower
than thoge for the control group in straight river water, as indicated by
the "t~test", those underlined with dots are of questionsble significance,.
These data are presented graphicelly in Figure 6.

The lots were not all of uniform length when first measured on
August 15-16, 1945, but the diffcrences werc relatively smull and did not
moterially alter the final relationships. The growth of the fish in length
was clearly and significantly retorded in cases where they werse held in
undiluted effluent wabter; however, during the first two months, the increase
in length was much better in refrigerated effluent water than in effluent
weter which was only pertially cooled. The curve for the fish held in
refrigerated effluent water is interrupted at the end of the secormd month,
October 9-10, 1945, since this marks the termination of the first part and
the beginning of the finnl part of the experiment. At this time the orig-
inal stocks of fish in Troughs 3 and 4 were practically all dead, and new
stocks were introduced. Alsc at this tims the 1:500 (refrigerated effluent)
and the 1:100 concentrations were discontinued and the 1:3 and 1:10 con-
centrations started. The two groups which were discontinued are not shown
on Figure 6 to avoid confusion.

Following the adverse water conditions of October 11 and 16, 1945,
the growth in length of the fish in Troughs 1-6, that is, in the effluent,
refrigerated effluent, and 1:3 wabter iypes, was clearly retarded, but
increased agoin during ‘the subsequent two months. The fish in the 1:3 con=-
centration actuclly grew at a faster rate than the controls and were spproe-
ching o gignificantly grenter length at the end of the test. The fish in
the 1:10, 1250, and 1:250 concentrations were significantly longer than the
control fish at the end of the teat, the difference beginning to appear in
November. This is possibly due to the fact that the higher concentrations
of effinent water were warmer than the river water and encouraged faster
growthe The rate of growth in nearly all lots was a bit slower during
December, probably because of colder temperatures of the Columbia River water,
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TaBLE V . NORTALIFIES (F STRELHEAT TRCUT FIMNGERLINGS HELD 1IN THE FINAL
CONCENTFATICHS OF ARFA EFFLUNAT wATER
Refrigarated

Tyre of Vater Effluent Effluent 1:3 1:10 1:50 13250 1:500 12600 Biver fater
Lot Nos, 1L & 24 384 55 & 64 [ TA & 8 94 &10A [11 & 12 j13 & 14 {15 & 16
No, of Fish 98 10 100 100 100 100 100 100
doek| Tate uort cum% uqrt cuni Mq"t cum“ uort G"‘m; mort c“m% mort C“m% M°rt C"m% uort cum%
1 | 10/12-10/1¢ | 80| 61.6 98 51| 51 0 0 0 0 0
2 1 10/19-20/25 1182.,7 98 1|62 0 1 1 0 0 0
3 | 10/26.11/2 2 8447 93 62 0 1 o 0 0
4 | nan/8 3]87.8 98 62 0 1 0 0 0
5 | 13/9-11/1% 87,8 98 1163 0 1 0 ] 0
6 | 11/16.11/22 1188.8 98 1|64 0 1 0 0 0
7 | 11/23-11/29 86,8 98 . & 0 1 0 0 ]
8 | 11/30-12/6 88,8 o8 & 0 1 0 0 0
9 | 12/7-12/13 88,48 98 & 0 1 0 0 c
10 | 12/14-12/20 88,8 98 6l 0 1 0 0 0
1| 12/21402/29 sg.e| |98 [ 1[es | o 1 0 ¢ 0
12 | 12/28-12/31 88,8 % 65 0 1 0 1 1 o
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TABIE VI AVERAGE IENGTH IN MM OF STEEIMFAD TROUT HELD IN VARICUS CONGENTRATIONS
(¥ AREA FFFIUVENT WATER

Refrigerated 1:500

Type of Water | Effluent | Effluent |Refrig.Eff. 1:3 1:10 1350 11100 1:250 11500 [1:000 | River viater

iﬁ:lﬁﬁfary 1&2% X &4 5&6 7%8 9&10] M&12 | 13&14(15%16 | 17,18,19,20

fug, 15-16 58440 55455 61405 60,15 60,20 | 62,15 | 62,50 59455 59,85

Septs 10-13 58,40 62,9 7.5 VARVAY 7342 72,75 71.65 70,00 71.78

Octe 9=10 64269 76,15 89,60 87,450 87,75 | '87.45 89,31 84,445 85,87

Final Lot Nos, | 14 38 54 & 64 |74 &84 | 94 & 104 11&12 | 13&14(15¢&16 | 17,18,19,20 1'3
' Octs 9-10 64,69 85,87 89.60 | B7.75 87,50 87445 9,71 | Bhu4S B85.87 %;i
" Nov. 6 68,50 | g8.85 100052 | 106,34 | 398475 10903 | 19593 |100.86 | 100,80 @
' Dec. 4 82,78 2,19 118,89 | 223,61 | 123,97 123,38 23,87 | 117.08 115,56 & ';

Jen, 1=5 26,25 104,64 131,1 | 136,28 | 132,07 132,47 130,50 | 125,26 125.70,
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Growth in Weight ﬁ'

The fish were weighed every two weeks, and these results are tabue
lated in appendix Tables 16 and 17. Pooling the lots subjected to similar
water conditions, as before, the average welghts for the various water cone
ditions are shown in Table VII, Part (A}, for the preliminary conditions and
Part (B) for the final conditions. These data are presented graphically in
Figure 7. Since the fish were first weighed on July 30, Figure 7 begins at
an earlier date than does Figure 6, and thus shows more uniformity among the
various groups at the start. As might be expected, Figures 6 and 7 show
elmost identical results; Figure 7 is, howsver, more readily interpreted
since weights increase approximately as the cube of the length, and thus size
differences are expanded; further, the fish were weighed twice as often as
they were measured, which results in twice the nurber of points in the curves
of Figure 7.

Increase in weight was nmarkedly retarded in both effluent and refri-
gerated effluent water and was actually stopped for sbout two weeks following
the perticularly adverse water conditions on October 11 and 16, 1945, Aside
from a brief retardation in the figh subjected to the 1l:3 dilution irmed-
iately following the adverse eonditionsg of October 11 and 16, the growth of
the figh in Ailutions of the efflluent wabter was not inhibited. Rather, there
is an agppreciable increase in growth rate among the fish held in the higher
dilution, which is probably the result of higher water temperatures.

It is extremely difficult to show a significant difference botween
the average weights of the various groups by stabtistical methods, This is
due to the fact that the fish of each lot were weighed as & group. This
variability is, however, asdequately brought out by the lengths when each fish
wes measured individually. hs a verification of the hypothesis that groups
differing significantly from the control in length also differed significantly
in weight, each fish was weighed individually at the termination of the experi-
ment. The last line of Table VII, Port (B), shows the arithmetic means of
the weights obteined by this method. The mean for each water type was com-
pared with that of the river water control group by the "t-test", and values
which were probably significantly higher or lower were underlined. GComparison
of these significant weights with the significant lengths for Janumery 1-5 in
Table VI shows near perfect sgreement. The test appears somewhat more sensi-
tive with the weights than with the lengths: for example, the average length
of the fish in the 1:3 was only questionsbly significant (between the .05
and Ol Iimit of probability), while the average weight of this group was
definitely significant (beyond the .01 limit). Similarly, in the 1:500 group,
the length was not significant from that of the control, although it had been
the previous month, while the wolght of this group was possibly sigmificantly
different.

Discussion

The early part of ths steelhead trout experiment was subject to the
same difficulities in control of equipment and water conditions as were en-
eountered in the chinook salmon pilot experiment, but again one of the chief
purposes of the test, thot of perfsecting the equipment, was satisfactorily
aceomplisheds. Serious disease epidemics also existed among the trout during
the early port of the experiment, but were not as severe as in the salmon,
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TanLg VI
AVERAGS WEISHT IN GRAKS OF STESLHEAD TROUT HeLD IN
YARIJUS COMCENTHATIONS OF AREA EFFLUENT WATER

(A} Preliminary Conditions
Refripgerated 1500

Type of dater |Effluent Effluent Refrip.8ff.] 1:8) 1;100 1:250 11500 1:1000 | River #ater
Lot Los. 1% 2% Ly 4 5 &6 T&8 9&10] 11&12 | 13 %14 | 15 & 16 [17,18,13,20
7/30/35 3.30 3.25 3.36 3.29 3.24 . 3.02 3.30
8/13/45 4,13 3.90 4.21 4,18 4.05 3.80 385
8/27/45 3,95 3.93 5.28 4.94 5.49 5.42 | 5.44 .12 5,08
3/1%/45 3.68 4,53 7.06 6,66 7.31 7.17 7,07 6.73 .92
9/24/45 3.97 5,61 8.89 2,45 9.26 8.92 8.77 B8.48 .64
10/3/49 4.79 7.60 12.79 11,97 13.17 12.71 12.44 11.17 12.22

1 ] (4] Final Conditions

Relrigeratad

b Tyos of aater |Effluent| Effluent 1:3 1:10 1:50 11250 1:500 { 1:1000 [Hiver wiater

! Lot lios. 1n ] BA  BA |TA % BA |9A,%10A |11 %12 | 13 & 14 { 15 & 16 {17,18,19,20
10/3/45 4.7 12,79 13,17 | 11.97 12,71 12,44 11.17 12,22
10/22/15 4,83 11.50 15,25 17,18 | 17.70 17.48 18.29 | 16.08 16,19
11./5/45 ) 11.86 20,74 22,99 | 22.T 22,81 22,17 20,03 20,08
11/15/45 7,20 14.14 26.91 28.45 § 27.05 27.02 26,63 23.42 23,95
12/3 /35 10,44 16.23 33,42 36.40 | 33.38 33.52 32.63 28,68 28,37
12/17/45 13,73 19.38 39.78 41.51 | 37.47 36,38 35,44 32.40 32,40
12/31 /45 13.11 20,71 46,50 15,36 | 40.69 39,70 38490 35,05 35,03
1;/31 to 1{5/45 15.00 15,93 45.03 46,10 | 39,15 38.91 | ,38427,| 33.49 34,05

ndividuals
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FIGURE 7
GROWTH IN WEIGHT OF STEELHEAD TROUT
HELD IN VARIOUS GONCENTRATIONS OF AREA EFFLUENT WATER
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and repeated treatments brought them under contrel, By the latter part of
hugust, 1945, disecase and the regulation of water conditions were sufficiently
improved to conduct an experiment under ressonable control. Between August
27, and October 11, the dilubions of effluent watér originally specified werse
used. On October 11 the number of fish in each trough was reduced to prevent
overcrowding, and @ilution levels of 133 and 1:10 were substituted for the
11500 (effluent refrigerated) and 1:100 dilution levels previously used. No
further changes in design were made. '

The presence of some factor (probably "0alol®) in the effluent water
to which the trout were very sensitive caused a heavy mortality among the
fish in Troughs 1 and 2 during the evening of August 31, and among the fish
in Troughs 1, 2, 3, 4, 5 and 6 {effluent, refrigerated offluent, and one part
effluent to three parts river water) on and immediately following October 11
and again on end following October 16. Consigtently high mortalities per-
sisted throughout most of the experiment in Troughs 1 and 2 (undiluted and
unrefrigerated effluent water). 2aside from these incidences, which were very
pronounced, incresses in mortality could not be abtributable to the presence
of area effluent water.

The rate of growth of the trout was markedly retarded in undiluted
area effluent water, whether it was refrigerated or only partially cooled.
The presence of "Calol" or gome other adverse factor in the effluent watexr
on October 11 and 16 further retarded the growth of these groups and in
addition temporarily slowed the growth of the fish in the 1:3 dilution, No
other incidence of retarded growth occurred among trout held in dilutions of
the area effluent water; rather in the 1:3, 1:10, 1:50, 13250, and possibly
$he 1:500 dilutions the fish actually grew somewhat faster than in streight
river water. This increasse in growth among the fish held in the hipher con-
centrations of area effluent water wcs probebly because of higher water
temperatures in these troughs,.

STUDIES ON CHINGCOK SALMON EGGS AND YOUNG

Purpose

. At the present time the chinook salmon are the most cconomically
important fish inhabiting the upper Columbia River, thls species making wp
the greater part of the salmon caught by fisherman of the lower Columbia
River and by Indlans fishing above Bonneville Dam. Chinook salmon select
riffle areas for spawning, which are similar to many which exist in the
Columbia River within and below the H.B.W. Reservation. Extensive spawning
areas, which have been used by chinook salmon in the past, are present in
the vicinity of White Bluffs. An inportant part of the studies at the Fish
Leboratory was, then, to determine what effect the area effluent water might
have on the developing eggs and young of chinock salmon. These stages were
of particular importance since the eggs and newly hatched fish or "fry" occur
in the gravel beds and thus ere not capsble of swinming away from adverse
eonditions, ag older fish may do,.

The development stages of the eggs and young fish studicd in the
laboratory were o parallel those under natural conditions in the river, and
ultimetely the fish reared in the laboratory were %o be liberated at a time
when they would normally migrate to the ocean. This experiment was expected
to furnish the most significant and usable resultas, ~

-&Q-




N

9 2

L 1

Mt
w1,
PR
<

.
Yty §
#-q

ggglﬁiéﬁﬁuégkigg

It was not feasible to capbure sexually mature chinook salmon on
gpawning grounds of ths upper Columbia River for a source of eggs. The eggs
used in this experiment were, therefore, obtalned from a stock entering Green
River, a tributery to Puget Sound, and lntercepted by the State of Washington,
Department of Fisheries abt Soos Creek. The progeny of chinook salmon from
Green River could be expected to react %o the various concentrations of the
area effluent water in the same manner as progeny from Columbia River chinook
selmon. The eggs were roadily obtainable at the Soos Creek Hatchery, and in
addition expected rates of survivel and growth were known for this stock.

Origin of the Epps

Late in October, the temperature of the Columbia River had fallen to
gbout 14°C., a level suitable for the incubation of chinook salmon eggs. On
the morning of October 24, 1945, L. R. Donzldson and A. D. Welander of the
Univergity of Washington selected eight mature female chinook salmon from the
stock available at the Scos Creek Hatchery. The eggs were removed from these
fish, fertilized, and immediately transported by car to the Fish Laboratory.
On arrival, at 5:30 p. m. of the same day, the 45,800 eggs obtained were
tempered with river water for about one hour and then distributed spproxi-
mately equally among forty trays, there being two trays in each trough. To
further avoid any temperature shock which might result from placing the eggs
in water of a warmer temperature, river water only was run into Troughs 1, 2,
54 6, 7 and 8 at the time the eggs were placed on the trays in these troughs.
Later, area effluent water was gradually turned back in so that there was a
gradual temperature rise to the operabing level,

On arrival at the Fish Laboratory there was a small area in the center
of each transportation basket which contained a number of eggs killed in
transit., Generally, however, the eggs weare in good condition,

Experience and Condition

The Eggs

During their incubation period the eggs were held in shallow trays
with wooden framegs and plastic screen bottoms. Two such trays were wedged
near the surface in the upper part of each trough, and baffles were ingtalled
to insure water circulation through the eggs. The lower parts of the same
troughs were used for the steelhead trout experiment desceribed sbove. 4 lot
number wag agsigned to esch troy of eggs, which corresponded to the trough
mmber, and in sddition contained the suffix "A", denoting the upper, or "B"
the lower tray of the pair.

Since some loss was experienced from transporting the eggs, as could
reasonably be expeected, all obviously dead or injured eggs were removed from
the trays on the morning of Qctober 25. The number removed from each trough
was recorded, but this loss was not included in subsequent mortality data.
In general, the initial loss or "pick-off" was less than 10 per cent,

The water conditions used during this experiment were the same as
those maintained during the later part of the trout studies, namelys
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TROUGH NO. WATER TYPE RATE OF FLOW
l&z2 100% area effluent water, partially cooled
(4° to 5°C. warmer than river water) 3 gepele
3 &4 100% area effluent water, refrigerated to
river water temperature 3 Zepele
5 &6 1:3 effluent to river water 5 Ze.pena
7&8 1:10 5 g.,Delle
’ 9 & 10 1850 5 gopomt
11 & 12 1:250 5 gepeme
13 & 14 1:500 5 BePelle
15 & 16 1:1000 5 Zvpelte
17 & 18 100% river water 5 2ePolle
19 & 20 100% river water 3 ZeDalte

On October 26 the dead eggs were sgain removed from all of the
trays, and these mortalities were the first recorded as oceurring under the
experimental conditions. During the next three wecks the eggs were devel-
oping through states which ere very delicate and casily injured. During this

period, therefore, they were handled as infrequently and as gently as possible,

Frequent removal of deed eggs from Troughs 1, 2, 5 and 6 was necessary, how=
ever, since extremely heavy mortalities persisted in these lots and had the
dead eggs been left in the trays, entire groups would have been spoiled.
5ilt from the river waber and ferric sulphate sludge from the effluent water
accewrmlated on the eggs and oceasionally had to be siphoned off to prevent
the eggs from smothering.

By the second week in November, most of the eggs had developed to
what is known as the Veyed" stage. At this time the young embryo ig clearly
visible, and the eggs can withstand congiderable handling without injury,
None of the eggs held in Troughs 1, 2, 5 or 6, where temperatures were A° to
5°G, warmer than the river water, developed to the "eyed® stage.

In order to furthor test the effect of the water conditions in
Troughs 1, 2, 5 and 6 on developing eggs, & second batch was brought to the
lzboratory from the Soos Creek Hatchery. These replocenent eggs were fron
the same stock of chinook salmon as those used originally and had developed
to an Yeyed" stage comparsbhle with that of the eggs in straight Columbie
River water. WNew lot mumbers were assigned to these replacement eggs; the
mumber again corresponded o that of the trough, but suffixes "CW and "D
were used to identlfy the new trays.

Nearly all of the eggs hatched during the first two weeks of Dec-
ember. Those which were incubated in the wormest water, that is, Troughs 1,
2, 5, 6, 7 end 8 were the first to hatch. Those incubated in river and
refrigerated effluent water were the last to hatch.

The Fry
vhen £irst hatched, the young salmon or "fry" are nourished by a
yolk sac which is incorporeted into the ventrel body wall. In water tempera-
tures of 6° to 9°C., this yolk is used up in about six weeks or two months,
and at the end of this time, the young fish are ready to start feeding.

Tn each trough the fry which hatched from the upper tray (4) and
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the lower f:}ray (B) were combined into a single lot with a number correspond-
ing to that of the trough. A suffix "r" was added to the lot numbers of those

in Troughs 1, 2, 5 and 6 4o show that the original egg lots had been re-
established,

s

During the latter part of December, the fry in the undiluted efflu-
ent water, Troughs 1 and 2, began to die in large numbers. Shortly there-
after the mortality among the fry im the 1:3 dilution began to rise sharply.
Congiderably leter, during the last week in January 1946, the fry mortality
in the refrigersted effluent water also rose sharply. Nome of the fry in the
undiluted effluent water, Troughs 1, 2, 3 or 4, survived long enough to com=
pletely absorb their yolk sacs and only a very few in the 133 dilution,
Troughs 5 and 6, guccessfully reached the feeding stage. These fry in the
firat six troughs showed no indication of their imminent fate when first
hatched. Soon, howsver, they began to eppear wesk and exhibited abnormal
swimming actions. During the pesk of mortality, end later, most of the indi-
viduals that died showed "white spot disease®, characterized by precipitated
perticles in the yolk, "White spot" disease, however, is thought to be
caused by adverse environmental conditions rather than disease organisms,
Further, the deviélopment of the fry in the refrigerated effluent water was
congiderably slower than in gtraight river water of the same temperature.
When the fish in the control lots had completely sbsorbed their yolks and were
sterting to feed, those in the refrigerated effluent water of Troughs 3 and 4
still retained a large asmount of yolk and were smaller in gize. Although the
fry in the 133 dilution sbsorbed their yolk sacs at sbout the same rate as
those in straight river water, their size at the end of the yolk sac stage
was apprecisbly smaller than that of controls, The fry held in concentrations
of 1:10 or less appeared and actéd like those in straight river water.

Plates IV through XI show the relative appsarance and size of fry
selected from the various water conditions on February 18, 1946, at which
time, most of the fish had just started to feed. The fish portrayed in
Plates IV through VIII are very much alike., Those in Plate 1X, representative
of fry in 1:10 dilution, are of approximately the same length as those in the
weaker concentrations of effluent water but have not eaten aza much food
recently end appear a little emaciated. The f£ish shown in Plate X taken from
the 1:3 dilution, are in relatively good condition but are distinctly smaller
in size than those in gtraight river water. Plate XI shows fry from refri-
gerated effluent water which, although apparently in good condition, are
smaller in size and have not completely sbsorbed the yolk sac,

Plates XIT through XIX were taken on February 20, 1946 end show the
general appearance and density of the fish in the various troughs. Again the
gimilarity between the fish held in Troughs 7 through 20 is brought out,
Pl%t§ XVIII shows Lots Sr, ér and 18, Lot 18 being temporarily held in Trough
6 \l) pending repainting of Trough 18 and Lot ér being temporarily held in
the lower part of Trough 5. This plate affords a quick comparison between
the fish held in 1:3 dilution and those held in straight river water. The
differences in mumbers and size are evident. Plate XIX shows the fow weak
and dying f£ish which remain in Trough 3 and 4 supplied with refrigerated
effluent water. The yolk sacs remeining on many of these fish can also be
SEEll,e

{1) The effluent wabter was turned off in Trough 6 during this temporary
change o B
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cnmoox SATMON FRY HELD IN VARIGUS CONCENTRATIONS OF AREA EFFLUENT WATER
FEBRUARY 18, 1946
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CHINOOK SAIMON FRY HELD IN VARTOUS CONCENTRATIONS OF AREA EFFLUENT WATER

FEBRUARY 18, 1946
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PLATE IX

1:50

PLATE VIII
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PLATE XI Refrigerated Effluent
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PLATE X
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PLATE XII
Chinook Salmon Fry in Troughs 19 and 20
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Chinook Sglmon Fry in Troughs 15 and 16
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PLATE XIV '
CHINOOK SAIMON FRY IN TROUGHS 132 and 14
. 12500 2=20-46

PLATE XV : .
Chincok Selmon Fry in Troughs 1l and 12 y
1:250 - 2-20-46
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PLATE XVI

Chinook Salmon Fry in Troughs 9 and 10

1:50

2-20=46

PLATE XVII

Chinook Salmon Fry in T

1:10
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PLATE XVIIT
Chinock Salmon Fry in Troughs b and 6
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PLATE XIX -~
Chinoock Salmon Fry in Troughs 3 and 4
Refrigerated Effluent Woter 2-20~46

- 49 -




The Fingerlings

After the young fish have completely absorbed their yolk sacs and .
are achtively feeding they are called "fingoerlings¥, Most of the fish reached
this stage during the latter part of Februsry, 1946, AL this time.the fish
had increased in size to a point where it was no:longsr edvisable to retain
such large numbers of them in the troughs. Consequently, on February 27th,
the number of figh in each trough was reduced to 500 and the surplus fish
were planted in the Columbia River.

New lots of 500 fish each were established in Troughs 1, 2, 3, 4, 5
and 6 since none of the original fish remained in Troughs 1 and 2, only five
remained in Troughs 5 and 6 and only 36 remained in Troughs 7 and 8, The
£ish used to estoblish these new lots were tzken from the surplus resuliting
from the thimning out of the straight river water control lots., A suffix WAY
was attached to the lot numbers of the new stocks in Troughs 1, 2, 3, 4, 5
and 6 to show that they were replacements and not derived from eggs hatched
in these troughs. The few reomaining fish from the original lots in Troughs
3, 4, 5 and 6 were not discarded, but were maintained as separate units until.
their death, The last fish of the originel stocks in Troughs 3 and 4 died on
March 7th. The sixteon fish of the original stocks in Troughs 5 and 6 remain-
ing on March 15th, were unfortunately killed by aceident when they were
exposed Ho undiluted effluent water resulting from a brief outage of the
river water supply. These fow remaining fish of Lots 5r and ér, were, on the
other hand, very wesk amd emaciated and had never eaten food in proper amountse
Had they not been in such 2 weakened condition, they might well have swrvived
the brief sdverse conditions,

Although the fry in the 1:10 concentration had not died in such
great mubers as those in the firat six troughs, their mortality and condi-
tion was decidedly worsge than that of fisgh in weaker coneentrations of the
effiuent water., On February 27, 1946, when the mumber of fish in each lot
was reduced, many of these fish in Troughs 7 and 8 were emaclated and sub-
normal. An infegtation of an intestinal parasite, Sctamitus, was found in
these fish, but since it did not occcur in apprecisble amounts in any of ths
other lots, its presence was probably the result of a lower resistance among
the fish of this group., The addition of a small amount of the drug ®“Cor-
barsone" to the diet soon eliminated the Qctamitus, but this group of fish
continued to puffer an excesgive mortality and to contain undersize, emac-
iated fish up to the time the study was terminated. It was interesting to.
note, however, that this group also contained individuals which were the

. largest in the laboratory, such specimens- had undoubtedly been able to overw

come the sdverse effect of the effluent water and take advantage of the
wormer wator temperature in these troughs. (Sée Table 27)

The fish in undiluted effluent water and in the 1:3 concentration
guffered very heavy mortalities end poor growth throughout the experiment.
Although thepe fish were frequently examined for parasites none, or very
few, were ever found. Their general appearance in the trough, however, was
not normal, During March, April end early May these fish showed evidence of
irritated gills by holding their gill covers cpen, but microscopic examinae
tion showed no gill disease., The gill action gradually became more normal
toward the end of the experiment, Many of the fish were emaciated and nearly
ell were somewhat listless. .The presence of ferric sulfate sludge in the
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water on Monday and Tuesday of esch week seemed to increase the gill irritoe
tion and prevent the fish from feeding, but otherwise not to contribute to
their discomforte. The fish which died were ugually the weekest, most ema-
olated individuals, the gtronger ones swviving the longest, which indicates

.o gradusl and continusl toxic or weskening effect of the &ffluent water rather

than an oceccasional excepbionally adverse condition such as occurred during
the steelhead trout experiment when large amounts of "Calol" were suspected
of being present, The morialities and growth of these and the other lots will
be congldered in more detail in sections immediately following.

From the latter part of May until the end of the studies a few of the
fish in Troughs 7 through 20 suffered from “gas bubble" disesse. This 1s
probably an envirommentel disease cauged by excegsive gasses in the wobter and
it also sppeared on the chincok salmon fingerlings of the Vpilot" test immed-
iately after they were placed in river water at the Fish Laboratory during
July, 1945, The gas blisters did not appear on the fish held in stralght
effluent water or in Troughs 5 and 6 where the volume of effluent water was
great onough to apprecisbly dilute the amount of excess dissolved gases in
the river water.

Plates XX to XXIX show the genperal appearance of the fish in the
various trough pairs on July 2, 1946. Plates XXIX and XXVIII show the very
fow small f£ish remaining ellive in Troughs 1, 2, 3 and 4 at this time. The
nunbers and size of the fish in Troughs 5 and 6, Plate XXVII, are also
greatly reduced. Plate XAVI shows the relatively fewer fish remaining in
the 1:10 concentration and also the great variabllity in size of various
individusls, The fish in the other trough pairs appear much aliks, several
pop eyed® fish which are suffering from Ugng bubble® disease may be seen in
these lotg.

By the end of June, 1946, these chinook salmon fingerlings had
reached a size and age at which they would normally migrate downstroam to the
oceans To retain them longer in the laboratory would introduce several une
gontrolled factors which would tend to obscure the effect of the effluent
water. Therefore, the experiment was termineted on July 3, 1946 and on July
5th the surviving 5,832 fish were liberated :mto the Columbia River adjacent
to the 100=-F Aren,

Throughout thls experimont the desired water conditions were maine
teined within the tolerance limits given on Page 13, which were reasonably
gbriet. Only on rare occasions and then for brief pericds of time was it
necessary to alter them because of equipment failure.

Mortalities

Baps

All salmon eggs which were obviougly dead or not developing were
removed from the trays in the wvarilous troughs as ofben as necessary and a
record was kept of the removals. The date on which an egg was removed did
not necegsarily correspont to the time at which it died or stopped developing
since many eggs which are wholly infertile or scercely developed are not
distinguishable for several wecks. Therefore, nearly all of the eggs which
were removed were cleared in galt solution and fixed with acetic acid so that
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PLATE XX
Chinook Salmon Fingerlings in Troughs 19 and 20

River Watcr Control TmR=db

PLATE XXI
Chinook Selmon Fingerlings in Troughs 17 and 18
River Water Control Tm2elb
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PLATE XXIT
Chinook Selmon Fingerlings in Troughs 15 and 16
1:1000 Tudelb

PLATE XXIIT
Chinook Szlmon Fingerlings in Troughs 13 and 14
1:500 Tw2=L6
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Chinook Sslmon Pingerlings in Proughs 11 and 12
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Chinook Selmon Fingerlings in Troughs 7 and 8
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Chinook Selmon Fingerlings in Troughs 2 and 4
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any embryo formation might be observed. The eggs examineﬁ wers arbitrarily
claggified into the following six stages:

A. Thoge which were infertile or showed no evidence of embryo
formation,

B. Thogse which were fertile but had developed only as far ag
blastoderm formation.

G. Those in which a definite embryo wasg formed but had survived
only to the formation of the chorda or primitive streak.

De Those in which developﬁent had advanced to the formation of
somites, f£in buds and optlic vesicles but where the total length
of the embryo was loss than half the circumference of the egge

E. Those in which the length of the well formed embryo exceeded
holf the circumference of the egg.

F. Those which died in hatéhiﬁg. Thig includes prineipally those
‘ eggs which are called Bhigh-pressures” and which hatched
abortively,

Appendlx Table'18 shows the number of eggs which dled in each tray
or egg lot and the stage in which death cceurred, Table VIIL sumarizes the
date on Table 18 by pooling ege lots which were incubated in like water cone

~ ditions end presents the results as percentages. Figuro 8 is a graphic

repregentation of Table VIII. Asg is frequently the case with salmon egg
mortality data, there was considerable variation bebtween the mortalities in
trays incubated.in like water conditions., The woriationg were sufficiently
great so that a chi-gquare test did not show them to be homogenius, and
precluded simple comperisons of the pooled meang for the varlous water types.
However, a sufficient number of trays were used in each dilution level to
permit the use of more elaborate gtatistical tests. . A tetest based on an
array of lot mortality percentages was sensibive onough to show significant
differences in the more diverse cases, ond an extensive variance analysis
provided a delicate test for borderline cases. In Table VIII the total ,
mortalities which are significantly higher than those of the river water cone
trol group are underlined.,

The consistant and orderly errangsment of the results as shown by
Flgure 8 is striking. In the undiluted and unrefrigerated effluent water
virtually every egg romained undeveloped. A major part of this effect was,
however, dus solsly to the warm temperature of the effluent water since in .
the undiluted effluent refrigerated to river wabter temperature about seventy
per cent of the eges hatched. The greater effect of temperature over other

factors is also ghown by the fact that the 1350, 1310 and 133 dilutions, in

which the water temperstures were progressively higheor.-thon thet .of the rivor
wator, "had mortalities which were in the same manner progressively greater
then that of the undiluted but refrigerated effluent group. In the 13250
and 13500 dilutions the waber temperatures were not appreciably greater than
that of the straight river water but other adverse factors in the effluent
cauged mortalities significantly greater than in the contrel and these morta-
lities were in direct relation to the amount of effluent water present. The
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8light difference between the mortality in the 1:1000 dilution and that in
the straight river water was not statistically significant., But the fact
that one part effluent water in five hundred parts of river water measurably
Increased the mortality of these incubating chinock salmon eggs is of cone
slderable interest.

. The combination of high temperature and high effluent concentration
exigting et the 133 dilution level gave results very much like those of the
atraight effluent water; that is, virtually ell of the eggs falled to develop,
a few did succeed in forming a germinal disc bub none lived beyond an early
lgyed" gtage. Only shout fifty per cent of the eggs hatched at the 1:10
dilution level,

Since none of the eggs in the unrefrigerated effluent or in the 133
dilution hatched, the lota in these water conditions were re-estsblished with
a new gerles as mentioned in the preceding section (indicated by N. S. in
Teble VIII and Figure 8). The eggs in this new series had reached the eyed
gstege at the time they were placed in Troughs 1, 2, 5 ond 6, A comparigon of
the subgequent mortalities In these new lots with the mortality of the conirol
during a like period of development again showed a greater death for the eggs
incubated in the effluent water but no significant difference in the 1:3
dilution. Further congiderstion of Table VIII and Figure 8 reveals that the
greater part of the egg mortelity occurs in Stsge "A" and is, therefore, due
either to infertility or a nemr completoc lack of development. The direct .
relationship between mortality and concentration of effluent water just dis—
cussed for the total mortalities applies also to Stoge YA alone. Similarly,
if each stoge is congldered independently of all others this same relation=-
ship is meintained in nearly every case; Stage "F' lg an exception and the
refrigerated offluent water group is an exception.

Abnormalitieg s

Soon after hatching the young fry were carefully inspected and those
which were deformed or otherwlse appeared abnormal were removed. The per-
centage of abnormal fry found in each water type 1s shown in Table VIII below
the egg mortality data. The 1210 end 1:50 dilution levels were the only ones
in which sbnormality percentages were gigrificently higher than in the
controls, the difference in the 1:50 group being questionoble. Since the
number of gbnormal fry hatched in refrigerated arsa effluent water was practi-
cally the seme ag in river water, thers is good evidence that for the types
recognized at this time, increased percentages of abmormalltisa were the
result of increased water temperatures rather than other inberent effects
of the effluent water. A large part of the deformed fish occuring in the
1:10 dilution exhibited digtorted vertebral columns.

© Since nons of the original eggs placed in straight effluent water or
in the 1:3 dilution hatehed, there obviously could bs no abnormal fry in
these lots. In the new series groups which replaced these lots, however, the
nurber of sbnormal fry was very low, which indicated that such deformities
wore the result .of adverse factors operating during the early developmentsl
steges of the eggs. The significantly higher percentage of sbnormalities in
the river water control group over that of the new series groups in Troughs
1, 2, 5 and 6 is probably the result of the extra handling received by the
control group. The eggs in the river water were under experimental conditions

- 58 - it et
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T4RLF VIII PERCENTAGR MCRTALITIES AND ABNORGALITIES (F GHINOOK SALON BGGS

IKCUBATED IN VARIOUS CONCENTRATICNS OF AREA EFFLUENT WATER
" | Effluent{Refrigerated . R .
Type of hater | Effivent N.5. Bffluent 1:3 1:3 N,S.] 1:10 1:50 11250 1:500 1:1000 | River Water
2a 78 |20, | 1048 | &, 8] &, ép |aa, @B | 104,10} 124,128 {318,148 | 164,168 | 104 & B, 204 & B

Stage & 99,36 «03 20,80 84,31 YAl 31,11 22,58 19.99 18,10 14,36 14,10
Stage B «59 00 2,62 12.46 0 3.49 2.73 1,62 1,94 L1 Y/
Stagi [H .05 .00 402‘7 1.11 0 4]47 2088. 2.85 2.27 1098 1.69
Stage D W15 1.53 =12 13 6.07 2.17 1.40 1.39 1,60 1,54
Stage B 1.28 43 o] 1.37 2.60 1.07 1,11 +90 o7 - o7
Stage ¥ 2-32 l53 0 048 1076 -73 l85 059 .86 .‘}3
Total 100 3.78 30.19 160 2.19 £9.50 | 32,17 28,02 25,18 20,45 19,23

[ —— TR A —— -

N

o Abnormalities .08 1,30 .08 473 231 1.21 1.76 1.2 1.39

. —— - -

Stage 4 = Not developed
Stage D =~ Eyed
Stage F =~ Hatching
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' FIGURE 8

‘MORTALITIES OF CHINOOK SALMON EGGS
INCUBATED IN VARIOUS CONGENTRATIONS OF AREA EFFLUENT WATER
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been condensed into weekly infervals and are given in sppendix Teble 19,

during their sarly development, wﬁiie those tching in the effluent and 1s3 =
groups were not handled experimegﬁally until afber reaching the "eyed" stage. -
/
Fry /

i
The daily records of Ahe mumbers of fry dying in each trough have

The mortalities in lois subjected to llke water conditions were sufficiently
homogeneous to permit the pooling of the results into groups, and Table IX
presenta tho combined mortalities together with their cumulative percentagesa
The data of Table IX are shown graphically in Figure 9, where & log scale has
been used above the one per cent level in order to more clearly define the
curves in the lower perc/ehtage levela, s

Although the re-estsblished or new series egg lots in the straight
offluent weter hatched quite successfully, the fry soon began to die in largs
mumbers. There wag a. /brief pause in mortality rate between the third and
fourth week effer hafichings then there was a second wave of mortality, which
completely eliminated the lot by the ninth week, In Troughs 3 and 4 where the
effluent water was refrigerated, the cooler temperature delayed development,
and mortalities greater than those in the controls did not appesar untll be-
tween the third ard fourth week after hatchlings subsequently, the history of
this group wos rmuch like that of the group in the unrefrigerated effluent
water, but extended over a greater period of time. Following the first surge
of mortality, which accounted for only about 3 per cent of the fry, there was
a pause in mortality rate for sbout three weeks. A second and much larger
wave of mortality then virtually wiped out the group.

The fry in the 1:3 dilution, which had 2lso hatched from re-esta~
blighed egeg lots, began to dle in appreciable numbers at about the same time
as those in the refrigerated effluent water., Here, however, there was no
pause in the curve, and a high rate of mortality was meintained until the
group was practically eliminated.

"In 1;11&T 1:10 dilution t.he robe of mortality in the developing eggs
hod been apprecizbly higher than in the weaker dilubions. This higher rate
wag nmaintained dwuring the fry stage and resulted in the death of sbout 20
per cent of these fish. Again there was a brief period when the rate of
mortality slackened; the pause occurred ,Jjn this group between the second and
fourth weekss.

The 150, 13250, 12500, and 1:1000 dilution levels did not signifi-
cantly increase the mortality during the fry stage. It i1s intéresting to -
note, however, that nearly £l11 of these curves show a period of lower mort-
ality rate between the fourth and eighth week, that is, during the month of
Januery, 1945. Whether this is releted to the deflections in the effluent,

 refrigerated effluent, and 1:10 dilution is not clear, Indeed, the reason

for such deflections is not appsrent., ne might conjecture that the fry
passed through a stage in which -they were more resistant to adverse condi-
tions or that different physiological factors in the fish were being offected
at different times. The deflectlons occurred near, but somewhat preceded,

the pericd of coldest water temperatures.

- 6l -
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f TABIE X ' MORTALITIES OF CHINOOK SALMON FRY REARED
: IN VARIOUS CONCENTRATIONS CF AREA EFFLUENT wum
i
Refrigerated
: Type of Water Effiuvent Efflusnt 1:3 1130 3:50 13250 11500 1:1000 River Wator
E Lot Noa, ez | 3&4 5r & ér 748 9&10 ne&12 1B&Ly 15 & 16 17,18,19,20
’; No. of Fish 364, 2817 3606 237 2749 3009 3133 2773 6875
Dte Fory |y "0, | ng ["on, | Vg | Mo, | ny |ory | Pung | Mor, | Pomy [Mor | S e | (Yo | O,
-==12/5/45 1 403 5 223
12/6-12/12 48[ 1.3 2 Jd0| 12 33| 38| 2.01 6 22 4 13 2 07 5 07
12/13-12/19 65711924, 6 32 51 47 2 21| 2z 036 3 23| 13 41| 1 ST 27 47
' 12/20-12/26 81}21.45 59 2.1 37 1,50 10 2,57 5 55 8 50 9 70 A H1 19 o T4
) 12/21-1/2/th | 291|29.39] 25 | 3.30] 263 | 8.79] 43| 4.59| 12| .98] 10| .| 7| 93| 3| J2| 7| .84
' 1/3-1/9 1140[60,50F 6 | 3.5 499 | 22,63 2| s5.60| 7| 124 2 86| 2 S| 2 79 o84
1/10-1/16 123719427 10 3.871 703 | 4212 32 7.11 &6 1,46 6 1,06 6 1.18 2 +86 6 «93
1/17-1/23 1997|9984 1 53 | 5.75) 656 | 60,32 321 .61 5| 2,64 4| .20 3| 1,28) 3 G191 1,06
1/24-1/30 13[ 200 | 310 |16.75] 586 | 76,57 22 9.64| 15{ 2.38] 9| 1.50] 13| 163 ] 20| 1337 42| 1.67
1/31-2/6 & 623 138,87 550 | 91,82 43| W.65] 7§ 244 3] 193] 17| 227} 13 | 1.8 49| 2.39
2/7-2/13 ! 123 §89.39| 197 | 97,28 79| 15.35] 10| 2,80 10 2,26f 17} 2| 16 | 2,38] 32| 2.85
2/14-2/20 ".a 252 | 98,33 | 40 | 98.39| 7 | 88| 9| 3.3 15| 26| 15| 3.9 | 1 | 2m8| 38 | 3.0
2/21-2/21 a’ 42 | 99.82| 22| 99.00] 68| 21,99 9| 3.46| 19| 3.39 10| 3.5} 13 | 3.25] 30| 3.8

N 5
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FIGURE 9

MORTALITIES OF CHINOOK SALMON FRY
INCUBATED IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
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The distinetion between ’c.hefr:;r and fingerling stages 1s rather arbi-

. trary, but 1s here characterized by an active feeding response by the figh in

most of the troughs. A% this time it was also necessary and convenient to
reduce the nmumber of fish in each trough to spproximately five hundred. As
mentioned in a preceding action, new stocks were placed in Troughs 1, 2, 3, 4,
5 and 6 since practically all of the fry in these troughs hed died. '

The mortality dstn for the fingerlinga was handled in precigely the
seme menner as that for the fry. Appepdix Table 20 shows the weekly mortale
itles for the various troughs or lots. Again, the dato within each water type
were sufficiently homogeneous to justify pooling the results into the group
means shown in Table X. The cumulative percentages of Table X have bsen

plotted in Figure 10, which also utllizes a log scale above the one per cent
mortality level.

~ Although the fingerlings in the effluent, refrigerated effluent, and
1:3 dilntion had not previously been subjected to area effluent water, their
mortalities immedietely rose above that of the controls, and an extremely

_ high rate of death contimued in these groups until nearly all of the fish were

dead. As had occurred with the fry, the fingerlings held in unrefrigerated
effIuent water were affected quickly, while in the refrigerated effluent and
1:3 dilubion, the response was slower; the ultimate resuls, however, was much

‘the same,

The death rate in the 1:10 dilution exceeded that in the straight
effluent water during the first three wecks. This was because the fingerlingas
in the 1310 dilutions were held over in Troughs 7 and 8 from the fry stages,
and a high mortality rate was already present in these fish at the time the
fingerlings deta were started., At the time the experiment was termineted, over
60 per cent of the fingerlings in the 1:10 dilution had died; although this is
aboit six times greater than that of the controls, it is of a lower order than
the mortalities which occurred in Lots IS through 6S.

‘In dilutions of 1:50 or greater, the effluent water did not signifi-
cantly inerease the mortality of the fingerling chinook salmon. Of the 6 to
10 per cent mortality suffered by the fingerlings in straight river water and
the lower dilution levels, the greater part occurrsed during the last six weeks
and wes due to ®gas bubble® disease.

Growth in Lepgth and Weight

. The growth in length and growth in weight followed identical tx nds,
and so will be considered together, As in the previous experiments, lemgth
measurements were mede every fowr woeks, and the fish were weighed in groups
every two weeks. The lengbh measurements taken at each sampling date are
are shown in appendix Tables 21 to 27, and the average weights in sppendix
Teble 28, In general, the sizes of the fish in lots reared under like water
conditions are in good enough agreement to allow pooling of the data. Table
XI shows the average lengths of the salmon in each water type on each sample
ing datej underlined values are significantly lower than those of the control
group, Table XIT shows the average weights after pooling similar data of
appendix Table 28, _ - ‘ '
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TABIE X KORTALTTIES (F CHINOOX SAIMON FIKGERLINGS (SERIES 2)
REARED IN VARICUS CONCENTRATIONS (F AREA FFFLUENT WATER -

Refrigerated
Type of Water | Effivent | Effluent 113 1:10 1150 15250 13500 1:1000 River Water
Lot ¥os, 1IS&25 |35848 55 & 68 728 9&10 11 &12 13&2 15 & 16 17,18,19,20
Yo, of Pish 981 912 . 969 _953 988 99 989 993 1982
Date ¥q, |C H""t c“:z "°rt o“ﬂg M"rt Gu,;‘; H°rt c"”‘L H°rt cunz "%t c“"E IO’L c“"‘fr ”°rt °'1u¢
2/28-3/6 61 W61 4 A1 5 52| 20| 2.0 3 #30 1 10 4 40 2 «20 5 v25
3/7-3/13 8 12| 3 72 F) 2| 2| 462 3 61 3 SO0 1 S 4 60 1 30
3/14-3/20 o7l 234 9] 1.65f 3| 2.03) 23| 7.03 1 W71 4 Lol 1 b1 2 81| 4 «50
3/21-3/27 128 [15.39] 6| 2.2 51 1,55 17| 8.8 1 K1 Sl 2 & Sl 1 o35
3/28-L/3 264 |22.00] 351 3.82] 10| 2.58| 15{ 10.39 1 S1 2] 1.1 0 7L 21 111 1 61
4/4=4/10 152 |57.59] 30| 6.89| 26| 5.26F 1| 105 il 1.02] o 1 2 1 1| 2 7 96 .
4/N-4/17 49 162.59] 46| 12.63| 44| 9.801 1| 123.00 2] 2] 1| 1.2 1 S 3 1) 4| 1.6
A/1B=4/ 2, 95 [72,27| 129 | 2.90| 67] 26,72 26] 15074 2| 3142 1| 18] 2] a2 .61 5| a4l
4/25-5/1 70 [79.41] 123 | 37.55| 129 | 30.03] 49| 20.88 3{ 172 3] 1.6 2| 1.2 1| 1.7 3] 1.56%
5/2-5/8 75 187,05] 162 | 54.22| 179 | 48.50%F 61| 27.,28] 3| =2.02 2] 18 5] 172 2] 192 5] 1.827
5/9=5/15 33 190,42 90| 63.48| 7| 56.451 59 33.47] 7| 2,731 4] 2.2 2] 192l 2] 2| 6] 232
5/16=5/22 8 [91.23] 19| 75.72| 46| 619 49| 38.61] 31 3.04 2§ 2. 3| 2.22] 4] 2.52 9| 2.57%
5/23-5/29 26 [93.88] 66| s2.51| 261 63.88] 49| 43.76] 17| 4476 4 2.8 2] 2431 3| 2.8 9| 3.03
5/30-6/5 24 [96.33] 76| 90.33] 31| 67.08) 64| 50.470 151 6,28 7] 3.52 o 3.3 31 3.2| 16| 3.83
6/6-6/12 1, (97,761 57| 96.39] 37| 70.90] 47| 55.0F 9 | 7.9 3| 3.82] 11| 4450 4| 3.52] 25| 5.10
6/13-6/19 3 | 98.06 7] 96.90| 36| 74.61] 2] 57.61] 10| B8,20f 10| £.83 5| 4295 3| 3.83| 361 6.9
6/20-6/26 9198.98] 5| 97.43| 124 87.41] 33} 61,071 157 9,92 12| 6,041 8| 5.7 10} 4.831 42| 9.03
6/27-7/3 299,18 51 9r.94| 46| 9236 17] 62.85] 9| 10.63| 4| 6ua4| 3| 6.07] 5] 534 1| 9.59
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FIGURE 10

MORTALITIES OF CHINOOK SALMON FINGERLINGS
HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
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S 9212 731573 5
TBIE XI LENGTES (P CHINOCK SALMON PINGERLINGS (SERIES 2) REARKD
IN VARIOUS CONGENTRATIONS (F AREA EFFLUENT WATER

Refrigerated | Refrigerated -
Type of Water | Effluent| Effluent Effluent 1:3 1:3 1:10| 1250 | 13250 | 23500 [ 112000 |River Water
Lot Nos, 18 &28| 3&4 35 & 45 5 & 6] 55&63]7&8|9&10|11 &12]|13 & 14f15 & 16/17,18,19,20
Jan, 30-31 30.3 31.0 34.6 33-.9_ 33.5 33.6 334 33.5 |
Feb, 26 37.1 316 36,9 31.6 37.0 | 37.0| 376 | 37.1 | 369 | 36.9 | 36.9
Xarch 27 39.0 377 39.9 | 39,0 4.2 | 406 | "407 | 41 40.3
tpril 25 41,0 39.2 AE.8 | 43,71 45e5 | AR | 44T | 45u 44,8
Fay 22 42.3 4044 457 | 49.3] 533 | 53.0 | 524 | 534 53.4
June 19 454, 43.5 5044 1 62,71 65.7 | 63.6 | 648 | 65.6 63.9
July 3 4940 4549 61.3 [ 70.6] 70,7 72.3 70.7 | 72,5 70.1




_ FIGURE 1
GROWTH IN LENGTH OF CHINOOK SALMON FINGERLINGS (SERIES 2)

HELD IN VARIOUS CONGENTRATIONS OF AREA EFFLUENT WATER
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TIBIE XII AVERAGE WEIGHT IN GRAMS (F CHINOOK SATMON {SERIES 2) EELD
IN VARIOUS CONGENTRATIONS CF AREA EFFLUENT WATER
Type of Water | Efflvant |Refrig.Eff, | Refrig.Bff, 113 113 1:10 | 2250 ] 12250 | 1:500 | 1:1000 |River Water
Lot Nos, 18 &25]|3 & 4 |38 & 4S5 |Me([55863|7&8]|9&10]10 &2 (13 &2 |15 & 16 [17,18,19,20
=1/?0/&6 T w [0 9| 82 +53 o53 .52 «50
2/13 . o5 41 .55 60 .58 «60 .60 o57
2/21 &7 b, 66 .33 64 W57 68 68 67 68 65
3/13 .76 .70 o50 #82 63 .81 «80 .82 .82 .79
3/x .73 770 .85 .68 98 A 95 97 95
4/10 81 7 92 87| 137| 1,09| 120 123 1.07
4125 .83 7Th .89 G701 1,237 15| 12| 1.2 1,22
5/8 89 70 95 1 1,08 1.5 | 146 141 149 1.50
5/22 97 9 1.2 | 1.60| 2.07] 2.09| 2.04| 215 2,15
6/5 1.27 77 1.5 | 2.41| 2.8 28| 27| 2% 2,87
6/19 1.45 1.19 1,95 | 3.65| 3.80% 3.75| 3.4} 3.85 3.59
7/3 1,62 1,20 3,25 | 5.291 5.26] 532| 4.92| 5.03 4458
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GROWTH IN WEIGHT OF CHINOOK SALMON FINGERLINGS (SERIES 2)
HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
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The nature of the weight data, which gawe only averageo values with-
out indlcating the variation in gize between individuals in each lot, mske it
impoagsible to test for significant differences between lots by ordinary
methods. Further, rates of growth could not eagily be compared statistically
since they nelther followed a straight line relationship nor curves of eque-
tions of the first degree; however, the significance of size differsnces .
between the various groups was adequately shown by the length data where each
group was compered to the control by the “t—teat“ )

'anurea 11 and 12 depict the growth of the figh in length and weight,
respectively. Size measurements were first made at the end of January, 1946,
before the fry had completely absorbed their yolk sac. The Improper utili-
zation of the yolk by the fry in Lots 3, 4, 5r and ér, held in refrigerated
effluent and the 133 dilution, is evident in Figure 11. The lengths of these
fry are significantly smaller than those of other lots, but because of their
relatively larger amount of unabsorbed yolk, their weights were only slightly
smaller, - None of the fry in the unrefrigerated effluent water of Troughs 1
and 2 survived at this time, and those remaining in Lots 3, 4, 5r and ér soon
died without showing appreciable growth. -

' - The fingerlings placed in Troughs 1 through é to replace the fry
which had died immediately showed significantly slower rates of growth than
those in the other troughs. The poorest growth occurred in the refrigerated
effluent water where both low temperature and adverse conditions operated
together. In the unrefrigerated effluent water, the fish grew only slightly
faster although temperatures were favorsble for rapid growth. At a similarly
favoreble temperature, but with the effluent diluted with three parts of river
water, growth wes somewhat better than in the undiluted effluent groups, but
still markedly slower than in the controls. In this group, which includes
Lots 58 and 6g, there ia an apparent sharp increase in rate of growth during
the last two weeks of the experiment. This iz not actually the case, however,
gince only the largest and strongest individuals remained alive on July 3,
1946, to make up the final sample. Peculiarly, one fish in Trough 6 geemed
more registant to the adverse conditions and was able to take advantage of
the more favorable water temperature, thus reaching a larger size than any
other fish in the laboratory. (See Table 27)

In the 1:20 dilution, some of the fish were zble to overcome much
of the adverse effect of the effluent water and make rapid growth in the
warmer water. (Other individuals were seriously affected at this dilution
level, grew scarcely at all, and were subject to disease. This resulted in
a wide renge of sizes of £ish in Troughs 7 and 8, which was evident even
during the late fry stage, and became greater as the experiment progregsed, ‘
Although the average size of these fish was apprecisbly lower than that of :
the controls during March, April, and May, the differences were only of
questionably significance gtatigbically due to the great variation of sizes
within the group. An epparent inerease in growth rate during the last six-
weeks of the experiment in this group held in the 1:10 dilubtion makes their
final size equal to, or & little larger than, that of the controls.: Again
this apparent increagse is not real, but results from the deaths of smaller
fish with the swrvival of larger ones.

In dilutions of 1:50 or greater, the effluent water did not retard
the growth of the fingerling chinook salmon, Actually, on July, 3, the

T
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weight of the control fish was nobticesbly lesgs than that of fish in weak -
dilutions of the effluent water, and effect which might be caused by slight v
temperature differences in proportion to the amount of effiuent added. '

Discugsion

The difficulties in controlling experiment conditions which were ex-
perienced in the steslhead trout and chinook fingerling pilot studies fortu-
nately did not enter this second series of chinook studies. Hinor digease .
conditions attribubable to a lowered resistance among the young fingerlings
in the 1:10 dilution level were soon controlled, but some losses were suse
tained in river water and in the weaker dilution levels late in the experi-
ment, due to "gas bubble" disesse. In general, however, extraneous factors
did not greatly influence this experiment, and the results obtained can be
atiributed to the controlled experimental conditions with reasonable certainty.

No change in experimental design was thought necessary during these
studies; however, complete or near complete mortality of some of the groups -
necessitated restocking Troughs 1, 2, 5 and 6 with eyed eggs and Troughs 1,
2, 3, 4y, 5 and 6 with fingerlings.

From the sections above, it is evident that the younger develop-
mental stages of chinook salmon are somewhat more susceptible to the adverse
factors in the area effluent water than are the older fingerlings; neverthe-
less, in all stoges studied, undiluted effluent water and the dilution of one
part effluent to three parts river water not only resulted in very poor growth
and development, but were soon lethal,

At a dilution of one part effluent to ten parts river water, morta-
lity was greatly increased in every stage. There were more abnormalities,
and many of the surviving fish were undersized, weak, emaciated, and sus-
ceptible to disease, Some individual fish, however, were able to tolerate
this concentration and make rapid growth.

When diluted with fifty or ‘more parts of river water, the area

 effluent did not appear to adversely affect either the growth or the mortal-

ity of the fry or fingerling chinook salmon,

Early developmental stages of the eggs wore, however, more sensitive,
and a measursble inerease in mortality was present in dilutions as low as one
part area effluent water in five hundred parts of river water,
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TABLE 1
as & puide in adjusting Yater Flows.
146 BUILDING WATER FLOVS
Date 6-13-46 :
Checked by Schroad
Shift 8-4
Supervizor Fogter
Time 10:30- 10100 AM
Troughl Arsa Efflusnt Water River Nater
No. Should Flow Vias Flowing Adjusted to Should Flow| itas Flowing| Adjusted to
1 11500 ce/10 sec 1900 Nons
2 1900 " 1900 None
3 1500 " 1900 None
4 1300 " 1900 None
5 | 2400 co/30 sec 2350 2400 2400 cc/10 sec| 2150 2400
6 2400 ¢c/30 sec 2400 2400 ce/10 seci 2400
7 {286 ¢c5/10 ses 285 2850 " 3000 2850
8 286 00/10 sac 28% 2850 » 2800 2850
9 62 " 62 3100 " 3100
10 62 " 63 62 3100 " 3100
11 ||75.5 ec/min 77 78 3150 " 3150
12 75.5 " 64 75 3150 " 3150
13 28 n 38 z150 M 3150
14 |38 " 38 3150 " 3150
15 fi9 ® 19 3150 " 3200 3150
16 s " 19 s150 * 3150
17 None s1s0 * 3150
18 Hone 3150 " 3150
19 None 1500 ™ 1900
20 None 1500 " 1900

-74-
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THRLE 2 EORTALITIES OF CHINOOY CALEON FINGERLIMGS HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
Preliminary Results

Lot ¥o. 2a f 1B | 2B |3 4 6 | s 7 B 9 110 |1y |12 |13 {14 | 15 | 18 17 | 18| 19 20

hater Warn | Viarm |Warm |kiver|River|y.ga0|1:500/1:50 [ 1:50[1:100 | 1:100|1:250|1:250)1:500 f2:500 |1 1900 [21000 River TWater

Type £ff) Eff.| Eff,|Water]|¥iater
to. Fish 50 | 94 56 1 50 | 50 | 100 | 100 100 | 100| 200 | 100 | 100 | 100 |100 | 100 | 100 | 100 | 300 | 00 ] sO| 90
kortelity - Started
7/28-31 44 |Aug.l |Aug,l| 2 z n 3 6 6 5 (13 |14 |10 5 1 4 5 |12 |17 |z 9
§/17 22 {21 6 4 112 |19 g {10 |18 |15 |23 {10 5 9 |21 |17 4 7 8 |18
8/6-14 20 |ev 8 8 |21 |28 |1z 8 9 5 (10 5 |15 |11 |4& |22 8 f32 |18 |14
3 /1521 25 6 5 5 8 2 o 8 3 8 5 1 |z {19 7 |18 5 |10 20’%_;1:?
8/22-27 20 1 1 3 2 4 5 |11 0 5 6 6 5 5 6 2 2 2 551

5

Total 44 |87 |s5 |22 |23 |se |55 [&1 |41 |36 |47 |58 42 a2 (45 |82 |6¢ |31 [e8 |63%
;; 38 | 92.6 {98.2 |44.0 |46.0 | 54.0 |86.0 |41.0 |41.01} 36,0 | 47.0 {58,0 |42.,0 [42.0 | 45.0 | 82,0 | 64,0 | 31,0 | 68.0 [70.0
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TABLE 3 MORTALITIES OF CHINOOK SALMON FINGERLINGS HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT LATER
Results after regrouping of Lots on August 27, 1945
Lot Ho. Ic 2c 3¢ 4C 5C 6C 7c 8C 9C | 10C |11C |12C |l13C ]14C 16C |16C 17C | 18C | 19C
Precooled | Rofrigerated 1:500 1180 1100 11250 11500 1:1000 Straight River
hater Type Effiuent Effluent Refrigerated Water
¥o. Fish 44 42 28 14 44 41 46 43 44 46 44 45 43 44 43 44 44 43
Mortality
8/28-9/3 4 |4 8 2 5 8 4 4 2 4 3 3 6 2 1 1 2
9/2-10 n |2 2 4 - 3 1 5 2 8 7 1 5 - 1 2
8/11-17 15 2 4 1 3 6 7 8 5 1 - 5 1 2 1 1
. e
9/18-26 1t |1 |z |s |- s {2 {35 |- 13 |1 j1r (& |7 |~ |24 25
Total 44 42 20 39 11 21 ] 13 3 1e 13 19 15 4 26 9 4 9 9:,: ;
y 100 | 100 |87.0188.6 1250 | 651.2 [10.9 {30.2 |25.0 |41.3 |29.5 |42.2 {34.9 { 9.1 |58.1 |20.4 | 9.1 |20.9 j16.9 ch‘?
. RN S -
b5 o
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AVERAGE WEIGHTS IN GRAMS OF CHITOOK SALMOT FINGERLINGS HELD IN
VARIOUS CONCENTRATIOHS OF AREA EFFLUENT WATER

Preliminary Weights

Type of

Water | River Water 11500 1:50 1:100 1:250 1:500 1:1000 River Water
Lot No. 1 2 3 4 b 6 i 8 9 10 11 12 13 14 15 18 177 18 19
Ho. of
Fish at
Start 50 | 50 60 { 50 100 | 100 100| 100| 100§ 1200| 100§ 100) 100]| 100 100] 100| 100| 100 100
Avg. it
7=2445110,36|9.88) 9.90|10,36] 9,841 8.73 | 9.45| 9.25)| 9.55 | 9.20§ 7.83| 9.556| 8.05| 9.20] 8.75} 9.10! 9.75}10.25 B.511 9.00
8u27udb 13,74|13.27{14,15 |13.98 |13.61[12, 76 [14.27 [12.27 |12,00 [14.65 [10.94 {15.54 13.20 [14.94 h2.91 [14.55112.21 13,73
] .
-3
-3
' TABLE 5
Tieights After Regrouping of Lots on August 27, 1945
Type of farm Refrig, 11500 :
Hater Eff, Bf'f. Refrig. Eff.]| 1:50 1:100 11250 1:500 1:1000 River Water
Lot No. 1c | 2¢ 3C {4C s5C 6C 7C ac 9c 100 | 12¢ | 12C| 13C | 14C { 15C | 18C | 17C |13C 19C
lloe of
Fish at
Start 44 | 42 23 |44 44 41 | 48 43 44 45 44 45 43 14 43 44 44 143 44
Avgs Wtd
8-28-46 |13.14]12.69 10.38] 12.59] 13,98|13.85| 13,15 |13.09|13.64{12,.56]|12.45) 14.22] 10.77113.45 12,56)13.82(13.44|14. 56} 12.73| 16.50
|9-10-45 12.83] 13.55] 1545414, 641 14,77 |15.33|15,45{13.34[14.00{ 16,20 12.39{16.10[14.81 [14.84]15.00]15.05 14.67; 15,086
9-24«45 16,67 14.50( 17.1215.00] 16,80 |17.67|16,09}15.20|16.35|16.77} 13.29[17.12 [17.2816.13 |17.63 |13. 14} 15,92} 15,47

B
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Langth Frequenciec of Chinoock Salmon Fingerlings
August 28 & 30, 1945

Lot Numbars
Langth
in .M} 1C} 2C| 3G 4C; 5C| ec| 7¢]| 8C| sc| 1o0d 11C[ 12¢| 13c| 14¢] 15C [16c | 170 ] 18¢| 150 | 20C
60 1 1 1l
65 1f2 1 1
70 1 1 2 1 2 s 1
76 1 1 1 1 1 1
80 1 2 2] 2 2 1] 61 1 1| 3 1
85 4 1| 53|3|1|4a|s5]z2 2 {2 s 1] s|2}t1}]z2] 3!z
90 7Tl4]|4|5]|4}2]1 3|8 7|12 7] 1| 6{%5 {6z} 5|4
95 9|9e16|9]|4|6]|8j7|35}7 |1o]1]{w|s|wls]|7|ae[11]s
W0 (11} 9| 4|15 8f 635 9] 7|13 9 J14| 8} 7] 8|8 |9 | 9| 612
105 6{sj2in|1z| 8| 8{ia12| s 8 [15] 2|14| 5| 8| 6 {14 ] 17 |13
110 9|e1]3 8| 4{4)l7]6 3| 4| 4 7| 8 9 8 77 1| 4
116 1 3]s|2fj1]s 1|3 1.1 [« 3|3
120 1 2] 1 2|1 1
125 1 1
Total {45 |41 (22 144 {44 |38 |44 [42 |42 {46 J42 |43 | 41 [ 43 ] 40 |43 [4a laz | 24 | a2

-78-
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Length Frequencies of Chinook Salmon Fingerlings
© Sept. 24-25, 1945

Length

M. M.

sC

7C

ac

13¢

200

60

65

70

75

80

85

a0

95

o | -

100

Fish
Figh

-3

106

No

o

10

110

116

120

126

2

2

130

Total

26

40

8C
1
3
113
212
4] s
61 5
9] 8
61 5
3
1
30 |32

30

34

-79—
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MORTALITIES (F STEELHEAD TROUT FIRGERLINGS HELD IN THE PRELIMINARY

TABIE &8

CONCENTRATIONS (F ARFA FFFLUENT WATER
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T4BIE 9 MORTALITIFES (F STEELHFAD TROUT FINGERLINGS HELD IN THE FIRAL
GCONCENTRATIONS CF ARFA EFFLUENT WATER

- Refrigerated |-
Type of Water |Effluent | Effiuent 1:3 110 1:50 1325 | 14500 1:1000 River Water
Lot Nos. mwi2a| 3 4 | sa| eaim| safoa|walazfizfasfz] 156! w0
Mo, of Fish 48 150 50 50 50 501 50] 50 150 ) 50 ] 5 |5 |55 50 | 50 50 15050 %
10-12 to 10-18 | 30 | 50 B 48 50 23 28
10-19 to 10-25 | 1 9 2 1
10-26 to 11-1 | 2 1
112 to 11-8 3 1
119 to 11«15 1 1
131-16 to 1122 | 1 1 2
1123 to 11429
11-30 to 12+6 1
12-7 to 12-13
12-1/ to 12-20
12-21 to 12-27 1
12228 to 12-31 1
Total 37 |s0| 48| % | % | & d 1 1 6

'
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AGUST 15 = 16, 1945

STEELHEAD TRODT IFNGTH FREQUENCIES
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SEPTEMBER 10 = 13, 1945

STEELREAD TROUT IENGTH FREQUENCIES
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STEELHEAD TROUT 1ENGTH FREQUENCIES
CTCBER 9 w 10, 1945
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NOVEMBER 6, 1945

STEELMEAD TROUT LENGTH FREQUENCIES
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STEELHEAD TROUT LENGTH FREQUENCIES

TABIE "14
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River FHater

[+

o

o

o

4
4%
7

[

&

17 118 |19 |20

131000

16

15

1:500

13 |14

50

52
11 |12

1

4

1:50

94 1104

1:10

84

2l

o~

T4

Ls

54 ] &

Rafrigerated

Effiuent

3B

o

o™

“ffluent

li | 24

~l

i

Typs of hatar

Lot Nos,

ength in mnm

70

75

95
¢

110
15
120

12

13

135
L0

15¢
155

160

145

175
130

135
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aBIT 2 STEELREY ThuUT 2ZRASE #I1HT IN GRAMNE
FRZZTkInakY SCLEITION

Refrigerated 1500
Trie of -atar IfTvert, F8fIent Refrig iff, l:50 1:l00 1:250 1:500 1:1000 River Water

é K g

Lot e, i 2 3 A

n
[Y'+]
-
I
[
=

1z 13 1 15 16 17 h2: 15
vy 3.1 3.7 3o 23| 2.5 2271 307 20| 3.260 3.20 2,07 2.97] 3.33| 2,20 2.2 3,30 !

st et U 350 2

%
Nat
.
o
in
o)
-
n
n

: 30 L. L Le321 L3 L4.0A ) 4.32] 4.r¢| 40| 380 2.%0) 3,72 3.7 3.92 ) 3.82 r%
aLiust 7 L | 2053 Luie - I PR ey P9 § 45 [ LS3 1 5.631 £LFe) 5,15 | S5 S.idd Su4| 5.4 | 5.0 4.7 | 5.34 | 5.2 | 5.0 1 !u’"ﬁ
sert, 1T FaBe| Feem | L2020 [ alFT) A3 sz elsi | e | ez | 7u39] €u97 ] 737 7.ez| 7.2 6,75 €| 6.6 7.5

1
0
o
[ |

AT e Catl ]| na*f 523 B.et 8-:':’ 9-51 So.:L £,55 GL04 ‘_"of-'-"“ 8-5”‘ 9-29 8-1'2 G500 B2 E-"»g 8,1z 9.7%
ct. £ LTE LR (e TexF 111,72 | 13,59 1 31,83 10,05 | 15,06 | 35.2¢6) 1249 [ 12,92) 13,90 [ a3.09 212 100 .22 11,75 1 13.%4
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TiRIL 17 STEFLHZAD TROUT AVFRAGE WEIGHT IN GRAMS
FINAL CONDITIOHS

Type of nater{ Effluent ch;.i.;:::ed 1:3 1:50 1:10 11250 1:500 123000 River Water
Lot hos, RE 2 3B 4 L+ &b Q4 Wa | & -+ 11 12 13 1 15 16 7 1‘3‘
oty & LT N N 11,78 | 23.89 | 11,831 12,121 13.09| 13.26| 12,49} 22.92| 11,90 | 13,03 | 13,12 11,22] 11.75| 13,94
wet, 22 L0101 0 | 21,50 0 13.30 | 37,20 | 17,02| 18.42] 16.44 | 17.96( 18,041 16,92 | Y7,70 | 18.90 [ 15.06( 17,04 16,91 | 17.17
Yove 5 6.(.\0 11,86 17.84 | 23.63 | 21.80| 23.67( 22.08| 23.92| 23.62( 21,98 22.206 | 23.28 | 18.59| 21.47 20,31] 21,72
tov, 19 T2 F 1.4 F 23,11 30,72 | 26,14 | 2B.00| 27,00 29,90 27,40| 26,63 | 26,00} 27.27 | 21.29( 25.51| 24.36] 26,80
Lec, 3 WhA| I 16,28 I 30,00} 36,83 | 31,94} 34.79( 34.73| 38.00] 33,70| 33.33 | 32.00| 33.27 7 26,17 31,08} 29.09| 32.14
Lac, 17 13,73 5 | 19,38 | S 34489 | 44466 | 36.02| 38.96| 39.61 1 43.40( 36,60 26,12 35,10 | 35.78 | 29.57 | 35.10} 33.59| 36.00
lec, 31 2,1, ¥ 20,71 H 42,021 50,83 | 39,06 42,341 43.78] 46,94} 4000} 39,39 37,75 39.84 | 32,341 37.65) 36,40 39.58

L |
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TaBIE 18 ’ KORTALITIES OF CHINOOK SALLON BGGS INCUBATED IN
VARIOUS COMCEHTRATIONS OF AREA EFFLUENT HUTER
Effluent Refrigerated 13

Type of Water Effluent 2nd Series Effluent 133 2 Seriles 1:10

Lot Kos, L)1 2 jxe |wiwjaln| wl B| ) o) ais |aijs I olsfle]lolnl Bl ul s

Hunber of Egpe 997} 103111029] 3010 978 939! 029t 1107] 973 | Jos6) 1027 | 901]101=] 998l1045 1954 | 986 920]92s |1071] 1208) 1195 | 3051

Stage "i" Lo, 993 | 31015 1028] 1007 3 157 o7 | =223 =zl 7061 erel ezl oal| A1 21 I 1| 343 51377

Stage rs: Yo, :f 15 il 3 17 g 2E1 38 176] o] 142( 33 AL Fy, z.g
—S%LJ 7 To, 1 32 5] 551 19t 150 10 5 N Z

o"i—ngg Lo, 3 3 2l 14 9 &) 5 (:1 []

Stage T Mo, 15] 10 & 1 7 G| 19| 23] 33| %3] 5] 39 27

Stags "F¥ No. . 6| i1 25 221 JO] 7 1 Gy 2l 3| L7 erl 16| 3

otal Lumber 907 | 1031 [ 10291 1010 | 53| 37| 35] 40| 40| 330 | 328] 359 | UL | 1032 996 (1045 [ 18] 30| 20} 15| %3] 237 XA 3586 |

» 100{ 100} 100| ico 121.68]33.96|51.06]|34.56{ 100] 1C0} 20C| 10 52 407 [4£47 42 .01 | 55,95

+

]

8 Typo of hater 1150 13250 11500 151000 RIVER WATER CONTROL
Lot Bos, oa) o | 2oa] 08| 1a] 138 326 ] 126 | 1% 138] 14a ) B ) 1sk| 158) 16w} 16B] 7} 178] 18| 185] 14
Sunber of Brea | 577 |103¢ | 1000] 1083 | 107 | 10%6] 1095] 1024] <903l i05{ 3153} 11271 om| 10661 1052F 1097 | 10991 10101 11441 1025, 1088
323 : : nﬁf Ul R 2051 2551 z39] 15| 204 zod| =23l eco | 1i3l nf 1) Yol IEp T zoef JEI] i) 325T iz

“'SELFE- T To. 361 217 7 32 18] 1z A 18| 28] 22 1 ) I ) 13 g 11 7 7
“?E‘T., e "G Ho, 32| 3 | 23] 20 25 26 2 S6F  2e] 33 19 T8 12f 191 Z3| 25| 1| #5% @b| < X
Tage DV ic. 25|22 ) 13 =i 1] exl i3] 1af 19 16 12] 18] 16] A 6} 20] 1] 191 16
tage TED Lo, 16 3 0 9 i1 17 10 ] 9] 15 [ ] & 1 5 8 5 12 G io 1
‘—‘EE—!‘” z8 PEN ho, 4 [ F) B 10 g g 3 & 2 g c)” 9 34 5 3 50 5 4 2
Total Number 50, 1 509 | 96| 3491 230| 342f =218 300{ =269 315{ 274 | 209 159] 193] A9 256 | 2551 23| zz5| 16| 16
* 37.26 | 29.8329.60 [32.23 | 30.81 | 32.39]19.91]29.30]29.79]20.89 [23.76 | 18.54]16.37]18,01123.67123.57 | 23,57 [22,67 |19.67 |1£.03 [16.18
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TABIE 19 KORTALITIES (F GHINGOK SALMON FRY (SFRIES 2) HELD IN
VARTOUS CONCENTRATECNS OF AREA EFFLUENT WATER
. Refriperated .
Type of Water | Effluent Effluent 1:3 1110 1350 1:250 11500 131000 River Wgter
Lot Hos, r far 3 4 5e o 7 8 9 10 1 12 13 L, 15 16 17 18 19 20
Number of Fish| 1885| 1779| 1472 { 1345 | 1795 | 1822 | 998 {2139 | 1332 | 1427 1481 | 2528 | 1368 | 1765 | 1327 | 46| 1636 § 1741 | 1777 | 174
Yorta) 1ty 1
=-=cLet, 5 1 41 1
Deg. 6=12 35| 13 2 7 51 16 2 1 5 4 2 1 3 1
Dec, 1319 N3 UL 3 3 2 3 1 1 2 2 1 2 8 5 7 4 7 7 7 3
Doc, 2026 nl 0] 4 18 20 17 5 5 2 3 6 2 2 7 1 3 6 5 3 5
Deo, 2l-Jan,2 170 12( 23 2 67 196 | 17 26 7 5 7 3 6 1 2 1 i 2 1 3
Jan, 3.9 650 490 3 3| 87} 212 8 1, 5 2 1 2 1 1
Jan. 10-16 499 138 9 1 361 | 402 | U 18 L 2 2 4 4 2 2 3 2 1
dan, 17-23 86l ni| 32 21 3| 282 10 2 2 3 1 3 2 1 3 5 1 2 1
Jan, 24-30 A 125 6| A 6| 2é0| 1 1 9 6 4 5 7 4 5 5 7{ 12| 12{ n
Jan, 31-Feb, 6 All 311 39 | 274 | 228 | 22| 22 2 4 3 4 9 12 5 8 5 3 10 12 2
Feb, 7-13 o Lo 71 [ 682 [ 103 9L | 36 43 6 4 8 2 1 3 8 8 g 7 1 6
Feh, 14-20 Wl s ]| 2] 8] 3 Pl 3 6] ® 7 ol 6| 2 ol 4 A E
Feh, 21-27 12§ 30 9 13| 29 39 6 3 8 11 3 i 3 10 12 5 8 %
Total 1885 17791 1470 | 1342 | 1768 | 1202 | 206 264, 51 i, 54, 18 Al 44 40 50 57 6, 75 &8 -f
% 1001 1001 99.86| 99.78! 98,55( 99.45] 20.64 [ 23.18| 3.83 | 3,10 | 3465 | 3.24 | 4.82 | 2449 [ 3.01| 3.46| 2.53 | 3.68 [ 4.22 3.91;
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TABLE 20 WORTALTTIES OF CHINOOR SiLNON FINGERLINGS (SFRIES 2) HELD 1IN
VARIOUS G-FCENTRATIONS OF aRZa EFFLUENT WATER
Effluent Rafripsrated
Type of Weter EffIvent 113 1:10 1:50 1:250 13500 1:3000 River Water
Lot Moz, 15 25 35 S| s 63 7 8 9 10 1 | a2 13 L 15 1% 17 18 19 2 :
He. of Fish on | 481 | 4 281 | 4719 | 290 | 481 | 472 | 496 1492 493 {501 492 | 497 498 | 495 452 | 496 | 496 498 :
Fob, 28-Har. & 3 3 4 1 4 8] 12 3 1 3 i 1 1 3 2 !
Var, 7-13 5 3 3 2 0 | U 2 | 1 3 1 2| 2 1 ?
Far.,1/=20 4 3 3 & 3 1 12 1 4 1 3
Mar. 21-27 97 3 3 3 5 7 10 1 1 1 b I
Mar, 28+ Apr.3 192 72 13 2 3 7 9 6 1 2 2 1 :
Apr, 4=10 75 7 20 10 3 23 3 8 1 i 1 2 2 3
Apr, 1117 15 34 23 23 13 3 12 2 2 1 1 2 1 1 2
Apr, 18-2 EA 61 5 78 33 34 13 13 2 1 1 X 2 3
4pr, 25-¥ay 1 19 51 &0 €3 70 59 27 22 3 3 2 1 1 2
¥ay 2 - & 17 58 95 67 96 83 1| 3 1 1 1 L 2 2 2 1
May 9« 15 9 24 55 35 47 30 2 5 2 5 2 2 1 1 1 1 L4 1 1.
May 16 - 27 1 7 62 57 29 17 1 35 3 1 1 2 1 3 1 5 1 B
May 23 - 29 ) 20 35 31 11 15 18 N 9 8 1 3 2 3 Z 3 2z
Hay 30- June 5 [ 16 30 46 15 16 23 5 8 7 4 3 3 A 2 1 51 .2 5 2"
June 6 - 12 4 10 2 33 22 15 21 2% 4 5 1 2 5 6 4 5 6 4 3?5.- ¥
Juze 13-19 3] 3 il | 2| ul w| 71 3 3 | 7 R RE 3 7| 5 | n |13 :
June 20-26 3 2 3 65 59 22 1 1 4 [ & L 4 6 4 1w 9 17 6
Juns 27-Yuly 3 3 1 4 23 33 9 g 5 i 1 3 3 2 3 1 7 3.
Total 493 | 480 | 480 L2 | aar | as6 | 269 | 330 €L | A4 34 | 30 31 29 2 | 27 46 35 56 50 o3
£ 99,80 | 98,56 { 07,76 | 98,12) 93,37 91,02 55.93 | 69,52 212,30 [8.94 | 6.20}5.9 | 6.30] 5.8 § 5.22| 5.45{ 9.35] 7.06 | 1.0 | 1c.00
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TABIE 21 LENGTH FREQUENGIES OF GHINOOK SALMON (SERIES 2) HFID
IN VARIOUS CONCENTRATIONS (F AREA EFFLUENT WATER
JANUARY 30 - 31, 1946
Refrigeratad -
Type of Water | Effluent | Effluent 1:3 1310 { 1:50 1:250 | 1:500| 1:1000 | River Water
Lot Nos. Irf 2r{ 3 A Srlér| 7)1 8[9 |20 {2232 |13]24) 35126 17) 18] 19} 20
Len,f_'th = MyMe )
28 4
29 . 8 5 6
30 N| N | 27 15 13| 10 1 1 1 1
31 o|l® | 9 | 23 | 19|21 1l 1} 1 £ 3 [ 1 I A A E I I |
32 2 | 6 Jwj2r71 35| 512|575 91 6] 12] 5] 10] 8| 5| s
33 F|F 1 2y 2112 g8 (18] 9 |15129 |27i18]| 17117 20] 24] 19] 13
34 1|1 7 18123 |21119 [15¢13§ 17119 | 15§ 23| 19] 20
35 5|8 13 |12 11 | 8] 6 | 7ii0f 3] 7 51 4]0
36 i|H 10 |1 4 2t 2 1 21 1
37 Lt 4 1
38
39 1




" TARIE. 22 1ENGTH FREQUENCIES OF CHINGOK SALMON (SERIES 2) HELD
IN VARIOUS CONCENTRATIONS OF ARFA KFFLUENT WATER
FEBRUARY 26, 1946

Refrigerated ’
Typs of Water | Effluent| Effluent 1:3 1310 1150 1:250 1:500 | 1:1000 | River Water
Lot Nos. wloe | 314 |orde]7] 8] ofaomfae|asju]asjre}rrjiejigfa
Length m,m,
30 3 1 & 1l
31 2 8 6
32 N§N 4 9 612 1
33 0lo0 3 A 212 5 1 1
' 34 1 1l ' 2 711 21 1 1 i 11 1
0 35 F P Al s &l 4t & 34 2] 61 2| 5] 4|13} 5] 5
; 36 1)1 61 94|20 6112117 16| 16322 | 1011312 7
37 5|5 1 5 816|116 |27| 2412826 2624120122
38 g1 7leinflwlajie| 7 ejunju|u| 8 ojn
39 g 6({x]| 5| 31 6| 6f{ 5| 11 3 5 3] 2] 4
40 91 L1 8} 4 1 3 1
a) 3] 2




TABIE 23 LENGTH FREGUENCIES CF CHINOOK SALMON (SERIES 2) HELD
IN VARIOUS GONCENTRATIONS OF AREA EFFLUENT WATRR
MARCH 27, 1946

Refrigeratad
Type of Water | Effluent| Effluent 13 1:10 1:50 1:250 | 1:500 | 1:1000| River Vater
Lot Nos, 15 {2 | 38| 48 ss|es|{7|8l9 ]| 1wjf11]2 13} 17 15[ 161 37{18|29) 20
32 2
33 1 21 6
34 2 3 {7
35 1l 2 2 5| 4 1
' 36 211 10 1 215 1) 1
3 37 g | 3 o1 | 4| 2 3 3| 1] 2 1| 2| 2] s
i 38 12| 1] J{nlsz|3| 3 6| 2] 6| 2] 3| 4] 2| 4] 8
39 10 | 12 8 15 3110 3 5 5 2 8 é 6 71 91 9| 7
40 9 | 10 5 4 001043110 7}26{13]{ 10|18] 10] 9] 12| 813|212
41 51 8 5! 916 | 2]12| 15| 5|12 9|12 18|14} 10]|23] 2] &
42 1] 3 1 9 7 | 21| 1] 2t 6} nn| 7| 20] 9] 9| &} 9| 2
43 1 6 L 3| 4 1 51 7 3| 5
Lh 41 31 4 1] 4 3 111
45 1{3 ]2 1 1
46 2
47
48 : 141 5
49 1 ' =
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ARIL 25,

LENGTH FREQUENCIES (F CHINGOX SALKON (SERIES 2} HELD
IN VARIOUS CONCENTRATIONS OF ARFA EFFLUENT WATER

TABIE 24

River Water

~

8

16| 27|18| 19|20

n

RN L)

10

10

L]

1:500 § 1:1000

1l

13|34 1 15

7

11

i

13250

1:50

0] 11}12

9

1:10

8

7

1:3

55

65

6
0] 3
5

Refrigerated

Effluent

11

11

3 | 45

12

10

25

1S

11

Typs of Water |Effluent

Lot Noce,

 —

Length in m.m.
35

36

37

38

39

41
42
43

4é,

45

46

7
%8

49

51

52
53
54
55

56
57




TABIE 25 . LENGTH FREQUENCIES (F GHINOCK SALMON (SERIES 2) HEID

TN VARIOUS CONCENTRATIONS CF AREA EFFLVENT WATER
WY 22, 1946
Refrigerated
Type of Water |Effluent | Effluent 1:3 1:10 1:50 1:250 | 212500 ] 1:2000| River Nater
Lot Nos. 15 2s| 3s[4s [ ss|es|[7[8]o]0 ng 1] 25 [26] 37l 18} 10]20
Length in m.m
35 3| 2 1] 3 \
4 w23 wize |w|ls| 719 2
' 15 6] 27] 7| 30 | 23|26 sfas | 1] 2] 2} 2| 2| 3| 3| 3] 5[ 3] 4|2
3 5 _ w| 8| 1|6 | 19|18 | 29]as| 2|2 2afar) 2| 827y
' 55 1| 1| 0|7 | 20]27| 25|22 2{29] 26| 25| 16| 23| 18| 28
€0 1 gl2| of 2] 50 3] 6 10| 5| 5|12 1|6
65 1 4 1 4 1
70 1




TABLE 26 LENGTH FREWUENGIES (F CHINOOK SALMON (SFRIES 2) HELD
IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER
JUNE 19, 1946
Refrigerated
Type of Hater |Efflnent | FEffluent 1:3 1:10 1:50 1:250 1:500 | 1:1000 { River Water
Lot Hos, 15 | 28] 3§ L8 516817 gl o)1) 1334115 | 167 17{18]19] 20
Length in mm,
40 3 6 & 2| 8|1 231 1
45 21 10 741 11 191181 5 6
50 1| 4 1 3 13] 9| 8| 6 3 ) 2 1| 2
1 55 1 91 31 7 5 5] 5 8 71 7| 6} 1 61 2| 2] 5
pye)
® &0 51 7151 3 | 13|20 32|13} 10| 17126 8{18|13; 2|1
[ ]
65 2{ 3|1 6] 7 8115 211 18¢ 16| 19|15 |*18] 13{z20| 8|18
70 1} 5| 7|21} 4| 6] 6§ 613 | 101 9| 8| 7
75 4|11 6| 3 L] 8| 2 3 61y 4| 6] 1} 4
&0 511 3] 2 1| 3 2| 2] 2
g5 2] 2 1 1
o0 1
95 . 1 1l




TABIE 27 LENGTH FREQUENCIES OF CHINOOK SALMON FINGERLINGS (SERIES 2)
HEID IN VARIOUS GONGENTRATIONS OF AREA EFFLUENT WATER
JUIY 3, 1946
Refrigerated -
Type of Water |Effluent | Effluent 1:3 1:10 1:50 1:250 131500 { 111000 | River WHater
Lot Kos. 15| 28| 35 | 48 sipés | 7(8] 9]30] 2] 12({13| 34]35 | 16)17(318] 19|20
Length in m.m,
35 1
40 1 3 1 1)1
45 3 4 5 4 1l 1
50 21 2 2 3| 346 1 1
55 1 1 o 7 |5(3] 1| 3] 1 1| 2 1| 1] 6| 4
i &0 1 7113 L2 6] 7 5 6| 5| 6| 6 31 71 5112
N 65 1 ol [n]e6| e|la2] 10| 0lav]| aafas | 4| ¢|10]27] s
' . 70 1t 21 8&f7| wt 9] 13| 12) 9] 13|20 15| 20 |12} &l
75 3] 1| 5|4 0] 9of 8| el el sliz | naf af 7| 2215
&0 15| 2f 2| 5 6| 71 7| 3 g| 8| 6| 2| 7
85 21 5171 4] 51 6 6| 2|1 3| 4 7| 3] &| 2
% 315 | 3| 2| 2| 2] 3 2| 111 1
95 1)2 1
100 1
105 111 )
110 1 N
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